VOLUME 18 


NUMBER 9 


NUTRIT ION 
REVIEWS 


W/,5 
ned Oe 


Phytic Acidand I 
by Robert.S,  Tilege 
Clinical Nutrition 


Excretion of Iron 
Metabolism of Adrenal Steroids in Man 
Increase in Serum Transaminase Activity with Myocardial Infarc- 


Amino Acids in Infectious Hepatitis in Children 
Animal Nutrition 

Isoleucine Studies with the Hen 

Influence of Ration on Milk Butterfat Level 


Nutrition and Agriculture 

Vitamin A Stability in Feeds 
Experimental Nutrition 

Vitamin D and Calcium Absorption 


Nutritive Quality of Cereal Proteins 
Wine Waterture. 2 oficial ee oe 


Iron Toxicity 


Dietary Fat and Life Spain 
* Nucleic Acids and Growth . 


The Effect of Dietary Sodium and Potassium on the Excretion of 
Aldosterone 


Isolation of a Vitamin B,,—Protein Complex from Milk 
Role of Folacin in Niacin Metabolism 
Body Composition in Obesity 


Notes 


= Addendum 
sora in Perr onal 
Fat Oxidati 
ceat Nutrition Books. 


er Monthly at Mt. Royal and Guilford Aves., Baltimore 2, Md. 
For 


THE NUTRITION FOUNDATION, INC. 
| 99 PARK AVE.) NEW YORK 16, N. Y. 


{ y~ *\ £ 
Copraient 1955, Nurarrion FounpaTion Inc.,. New Yorx, U: 8. A. 




















Editor 


Freprick J. Stare, Pu -D., M.D., Professor of Nutrition, Schools of Medicine and Public 
Health, Harvard University: Associate in Medicine, Peter Bent’ Brigham Hospital, 
Boston. Editorial Office, One Shattuck Street, Boston, Mass. 


Assistant Editor 
Curistine 8S. Wizson, One Shattuck Street, Boston 


Associate Editors 


Grores M. Briaes, Px.D., Laboratory of Biochemistry and Nutrition, National Institute 

of Arthritis and Metabolic Diseases, Bethesda 

Wiu1am H. Davenapar, M.D., School of Medicine, Washington University, St. — 

Cuaries §. Davipson, M.D., Thorndike Memorial Laboratory, Boston City H 

James 8. Dinnina, Px.D., Department of Biochemistry, University of Arkansas Sheol of 
Medicine, Little Rock: 

R. W. Enagt, Pu.D., Virginia Polytechnic Institute, Department’ of Biochemistry and 
Nutrition, Blacksburg 

D. - Hxastsup, Pu.D., Department, of Nutrition, Harvard School of Public Health, 

oston 

SrantEy M. Luvenson, M.D., Army Medical Service Graduate School, Walter Reed 
Army Medical Center, W: 

Rosert E. Orson, Px.D., M.D., Department of Biochemistry and Nutrition, Graduate 
School of Public Health, University of Pittsbu 

Rosert E. Suanx, M.D., School of Medicine, W Universi: ay (Bt Louis 

Jamus H. Suaw, Pu.D., Schools of Dental Medicine pe Public He oalth, Harvard Univer- 
sity, Boston 

Emer H. Srorz, Pa.D., Department of antes, School of Medicine, University of 
Rochester, Rochester 


Editorial Committee 


ReGinaLp M. Atwater, M.D., American Public, Health Assn. 
Watuuace R. Arxrorp, M.D., Food and Agriculture Organization 
GerorceE R. Cowatn, Px.D.; Yale University 

Conrap A. ELVEHJEM, PaD., University of Wisconsin 

Iago Gatpston, M.D., New York Academy of Medicine 
WENDELL H, GRIFFITH, Pu.D., University of California 

Cuarues GLEN Kina, Px.D., Nutrition Foundation 

L. A. Marnarp, Pu.D., Cornell University 

Haze. STiese.ine, Pu.D., Bureau of Human Nutrition & Home Economics 
LeRoy Voris, Px.D., National Research Council 

Warren Weaver, Pu.D., Rockefeller Foundation 

James R. Wrison, M.D., American Medical Association 

Joun B. Youmans, M.D.; Vanderbilt University 





Subscriptions should be sent to The Nutrition Foundation, Inc 
16, N.Y. Rate sod sak td in the United States and Canada; $4.50 in other 
Changes of address be sent to The Nutrition 7 nao oe Dg 
Entered as second-class matter at the Post Office at Baltimore, Md. 


Note: Items may be quoted from NUTRITION REVIEWS without gpecial 
are made, the » f ovh ask only that credit be pea to NUTRITIO 


the review is preserved. 


99 Park Ave., New York 
countries. 


made in such a way that the original meaning 





—— 








e 





—— 
tt) 


es mm — -—-> 85 we ot he TD 


~ wo 


~~ « - -— — -*> rr 





_— = —_—__ = 6S 








VoL. 13 


NUTRITION REVIEWS 


SEPTEMBER 1955 


No. 9 


PHYTIC ACID AND ITS IMPORTANCE IN HUMAN NUTRITION* 


Phytic acid is the most common, and 
possibly the most important, of the sub- 
stances present in edible plants which inter- 
fere with nutrition. It reduces the absorp- 
tion of minerals from the intestinal tract. 
It is a hexaphosphate of the vitamin inositol, 
and is the source from which inositol is ob- 
tained commercially. Many formulas have 
been suggested for phytic acid and as yet 
none has been accepted. Probably it exists 
in nature in several forms. 

Phytic acid is present in a wide variety of 
plants. The per cent of total phosphorus 
occurring as phytate-phosphorus varies con- 
siderably in different varieties and strains 
of edible plants: cereals (40 to 90 per cent), 
legumes (5 to 72 per cent), fruits (0 to 16 
per cent), nuts (12 to 50 per cent), root 
vegetables (0 to 31 per cent), tubers (5 to 
23 per cent), chocolate (18 to 59 per cent), 
etc. In a study of 40 strains of corn R. 8. 
Harris and J. W. M. Bunker (J. Nutrition 
9, 301 (1935)) found that between 45 and 
85 per cent of the total phosphorus was 
present in the phytate form. This is the 
most common form in which phosphorus 
occurs in resting seeds. In the course of 
germination the phytate compounds are 
broken down by phytate-splitting enzymes 
and phosphorus, inositol, and various 
minerals are released for the nutrition of 
the growing plant. R. Weiss (Bull. Soc. 
chim. biol. 34, 471 (1952)) has reported that 
at the end of twelve days germination the 
phytate-phosphorus content of a number of 
cereals and legumes was one-third that of 
the resting seeds. 

Phytic acid has been reported in only one 
animal tissue. S. Rapoport (J. Biol. Chem. 


* Contribution No. 257 from the Department 
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135, 403 (1940)) reported that half the 
soluble organic phosphorus in the erythro- 
cytes of turtles and chickens is present as 
phytic-phosphorus. 

Most of the phytic acid in cereals is 
present in the outer bran layers. When dif- 
ferent cereals are milled, varying propor- 
tions of phytic acid are removed due to 
differences in its distribution in the endo- 
sperm, germ and bran layers. Thus, when 
wheat is milled to 70 per cent extraction 
white flour, essentially all of the phytic acid 
is removed. On the other hand, polished rice 
contains considerable phytic-phosphorus (R. 
A. MeCance and E. M. Widdowson, 
Biochem. J. 29, 2694 (1935)). 

It may be assumed that phytate-splitting 
enzymes occur in all plants which contain 
phytates. Thus, it is to be expected that 
there will be a breakdown of phytic acid in 
processed foods when processing con- 
ditions are favorable to the activities of 
phytases. The phytic acid content of pre- 
pared breakfast cereals is generally lower 
than that of the foodstuffs from which these 
cereals are prepared (McCance and Wid- 
dowson, loc. cit.; R. G. Booth, T. Moran, 
and W. J. S. Pringle, J. Soc. Chem. Ind. 
64, 302 (1945)). 

The amount of phytase, the type of 
phytase and the pH of various cereals are 
different. This may explain why there is 
little phytic acid breakdown in oatmeal 
during cooking, why large amounts are 
destroyed when rye is similarly heated, and 
why moderate breakdown 
wheat and barley are cooked. 

F. Bronner, R. 8. Harris, C. J. Maletskos, 
and C. E. Benda (J. Nutrition 54, 523 
(1954)) have demonstrated that the uptake 
of radioactive calcium (Ca**) by boys on an 
oatmeal breakfast was 74 per cent as great 
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as that of boys on a farina breakfast, while 
the uptake of Ca*® by boys on a meal con- 
taining sodium phytate was only 45 per 
cent, indicating that the phytic acid of oat- 
meal is only half as reactive as a soluble salt. 
A similar result was obtained in a com- 
parison of the uptake of radioiron by 
children receiving oatmeal and sodium 
phytate (L. M. Sharpe, W. C. Peacock, 
R. Cooke, and Harris, [bid. 41, 433 (1950)). 
Thus, knowledge of the phytic acid content 
of a raw food is not sufficient; it is necessary 
also to know the content and ‘‘availability”’ 
of the phytates in foods as consumed. These 
data are not at hand. 

According to present knowledge, phytates 
must be digested to free-phosphate and 
inositol before they can be absorbed by 
animals. Though some of this digestion 
takes place through the action of gastric 
juice, it depends mostly on the action of 
intestinal phosphatases. Only fragmentary 
data are available relative to the ability of 
different species to digest and utilize phytic 
acid. In these studies the investigators have 
not always distinguished between the 
effects of phosphatases produced by the 
host and those produced by intestinal 
bacteria. The locale of these phosphatases is 
important because the end products of bac- 
terial phytase action are of questionable 
nutritional significance. They may be re- 
leased too low in the intestinal tract. 

Presumably phytates are not a problem 
in ruminant nutrition, since they are 
efficiently digested by microorganisms in the 
rumen. R. L. Reid, M. C. Franklin, and 
E. G. Hallsworth (Australian Vet. J. 23, 
136 (1947)) showed that phytic acid is 
completely hydrolyzed in the rumen of 
sheep, and that the released phosphorus is 
then metabolized by the sheep. 

Among nonruminants there is a con- 
siderable difference in ability to utilize 
phytic acid. A phytase has been found in 
the small intestine of the rat (R. R. Spitzer, 
G. Maruyama, L. Michaud, and P. H. 
Phillips, J. Nutrition 35, 185 (1948)), 
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but was not found in the dog, cat, or rabbit 
by R. H. A. Plimmer (Biochem. J. 7, 
43 (1913)), although he observed that the 
rabbit was able to utilize phytate. 

The extent to which man can utilize the 
inositol of phytic acid is not known. On the 
basis of studies on other species it is probable 
that appreciable amounts of phytic acid 
are hydrolyzed in the human intestinal 
tract. 

The antinutritional effects of phytic acid 
were demonstrated by E. Mellanby (Med. 
Res. Council Special Report Series No. 93 
(1925)) who produced rickets in puppies by 
feeding them cereal diets low in calcium 
content. A more severe rickets was pro- 
duced by oat diets than by corn or wheat 
diets, even though oat diets contained at 
least as much calcium and phosphorus as 
other cereals. Mellanby concluded that 
cereals contain a “rachitogenic factor.” 

R. A. MeCance and E. M. Widdow- 
son (J. Physiol. 101, 44 (1942)) 
studied phytic acid in relation to human 
nutrition. Eight subjects were fed for nine 
months on diets in which 40 to 50 per cent 
of the total calories were supplied by flour. 
The absorption of calcium by~ the subjects 
fed a brown bread diet (92 per cent extrac- 
tion flour) was significantly lower than when 
a white bread diet (69 per cent extraction 
flour) was fed. The subjects on the brown 
bread diets needed 1.7 times as much cal- 
cium as when on the white bread diet. When 
sodium phytate was added to white bread 
the calcium absorption dropped markedly. 
In a later experiment McCance and Wid- 
dowson (Ibid. 101, 304 (1942)) removed 
phytic acid from the 92 per cent extraction 
flour and the absorption of calcium was 
improved. 

H. A. Krebs and K. Mellanby (Biochem. 
J. 37, 466 (1943)) were able to demonstrate 
an increase in calcium excretion when 
subjects were placed on cereal diets rich in 
phytic acid content. E. Hoff-Jgrgensen, 
O. Andersen, H. Begtrup, and G. Nielsen 
(Ibid. 40, 453 (1946)) and Hoff-Jgrgensen, 
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Andersen, and Nielsen (Jbid. 40, 555 (1946)) 
added sodium phytate to milk, fed it to 
infants and children, and noted a marked 
increase in fecal calcium excretion. Bronner 
et al. (loc. cit.) showed that fecal excretion 
was greater in children when sodium phy- 
tate or oatmeal was fed than when farina 
was fed in a low-calcium breakfast. No 
effect from the oatmeal was observed when 
the breakfast contained moderate amounts 
(1 glass of milk) of calcium. 

Studies of the effect of phytic acid upon 
the uptake of iron by human subjects are 
few. MceCance and Widdowson (J. Physiol., 
loc. cit.) fed to children white bread con- 
taining ferrous sulfate or ferric ammonium 
citrate, sodium phytate or no phytate, and 
noted a smaller rise in serum iron when 
breads with phytate were fed. C. V. Moore, 
V. Minnich, and R. Dubach (J. Am. 
Dietet. Assn. 19, 841 (1943)) showed that 
iron phytate can serve as a therapeutic 
source of iron, but it is much less efficient 
than other iron salts. Though Sharpe ef al. 
(loc. cit.) observed that sodium phytate 
greatly diminished the absorption of radio- 
iron by children, they were unable to 
demonstrate that oatmeal phytate inter- 
fered with radioiron uptake. 

The effect of phytic acid on the absorption 
of minerals other than calcium and iron has 
not been studied adequately, and the experi- 
ments of McCance and Widdowson (J. 
Physiol. 101, 304 (1942)) were not con- 
clusive. These authors reported that mag- 
nesium and potassium balances are not 
affected by wheat phytates in the diets of 
human subjects. 

The available evidence indicates that (1) 
phytic acid, or soluble salts of phytic acid, 
interfere with the absorption of calcium 
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and iron from the intestinal tract of man, 
(2) the phytate compounds in foods inter- 
fere with calcium and iron absorption to a 
lesser extent, and (3) the effects of food 
phytates upon calcium absorption can be 
masked, partially or completely, by the 
presence of an abundance of (a) calcium 
or (b) vitamin D in the diet, or (c) by ad- 
justment of the calcium:phosphorus ratio 
of the diet. 

The mechanism of the phytate effect is not 
clearly understood. Most investigators have 
used as a working hypothesis the assump- 
tion that calcium or iron phytates are pre- 
cipitated in the intestinal tract. More satis- 
factory is the concept that the phytic acid 
molecule has a complexing action on these 
minerals. This may explain why sodium 
phytate is used in the paper industry to 
make calcium carbonate slurries more 
fluid, and in the fermentation industry as a 
clarifier of wine (J. Ribéreau-Gayon and 
E. Peynaud, Jndust. agr. et aliment. 70, 
129 (1953)). 

It is clear that phytic acid is present in 
many of our foods and that it may interfere 
with mineral nutrition. The phytate problem 
may be serious in areas of the world where 
the people consume large amounts of un- 
refined cereals and small amounts of 
calcium. It is not an important problem in 
the United States where the people usually 
consume refined cereals, and 
amounts of calcium-rich foods. 

RosBert 8. Harris 

Professor of Biochemistry of 
Nutrition 

Department of Food Technology 

Massachusetts Institute of Tech- 
nology 

Cambridge, Massachusetts 
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REDUCING DIETS 


It is undoubtedly true that when many 
different procedures are recommended for 
the treatment of a disease the chances are 


great that none is satisfactory. Perhaps the 
best example of this is the current status of 
obesity. The popular press is full of special 
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diets and treatments and eagerly pounces 
upon anything new or novel for the current 
month’s offering. The traditional and 
supposed logical method of dietary treat- 
ment of obesity has been the use of a low 
caloric, rather high protein diet. There is 
little doubt that some means of caloric 
restriction must be practiced to obtain 
weight reduction, and rather high protein 
and vitamin intakes presumably protect 
from a deficiency of these nutrients when the 
food intake is low. Protein requirements 
are thought to be raised during caloric re- 
striction. Also, there is some _ evidence 
for believing that protein may provide 
satiety when the caloric intake is restricted. 
The higher specific dynamic action of high 
protein diets has also been considered an 
indication that these might be more effec- 
tive than when calories are supplied as 
carbohydrate or fat. 

The continued search for better methods 
of weight reduction emphasizes the in- 
adequacy of current methods. In addition to 
numerous bizarre diets of dubious origin, 
the more legitimate introductions during 
recent years include the high protein-high 
fat diet of A. W. Pennington (see Nutrition 
Reviews 10, 109 (1952)), nibbling between 
meals to maintain blood sugar levels, and 
most recently a low protein diet (V. P. 
Dole and co-workers, Am. J. Clin. Nutrition 
2, 381 (1954)). In addition, group therapy 
and psychotherapy have been _ recom- 
mended as more effective means of main- 
taining an adherence to the diet in use. 
Although Pennington (Am. J. Digest. Dis. 
20, 268 (1953)) has presented considerable 
theoretic argument as to why his diet is 
effective, the basic information as to whether 
the subjects actually consume the calories 
recommended by him has not yet been made 
available. Until the diet proves effective in 
other people’s experience, until careful 
caloric balances are obtained, and until 
adequate follow-up data are available, any 
argument as to why the diet works seems 
superfluous. A recent study which bears 
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upon this point is that of S. C. Werner 
(New Engl. J. Med. 262, 661 (1955)). Ina 
limited study of 6 subjects whose caloric 
intakes were carefully controlled, this 
author could find no particular difference 
between the efficacy of the high fat-low 
carbohydrate diet of Pennington and a low 
fat-high carbohydrate diet when the caloric 
intakes were the same. 

The glucostatic theory of J. Mayer and his 
associates (see Physiol. Rev. 33, 472 (1953)) 
proposes that hunger is related to the dif- 
ference in glucose level between arterial and 
venous blood. Small differences indicate 
little glucose utilization and this acts upon 
a hunger center. Thus the maintenance of 
a higher level of blood glucose might be of 
assistance in controlling hunger. The first 
independent test of this hypothesis has also 
failed to support the original data of T. B. 
Van Itallie, R. Beaudoin, and Mayer 
(J. Clin. Nutrition 1, 208 (1958)). J. H. 
Fryer, N. 8S. Moore, H. H. Williams, and 
C. M. Young (J. Lab. Clin. Med. 45, 684 
(1955)) have determined arteriovenous dif- 
ferences in blood glucose at intervals after 
meals when the subjects were receiving either 
low carbohydrate, low fat, or low protein 
diets. No correlation was found between 
the glucose content of capillary or venous 
blood or the capillary-venous difference and 
the satiety values of the diets used. Many 
instances were found of a complete lack of 
hunger when the capillary-venous difference 
was negligible. It is of interest that the low 
carbohydrate diet was rated as having the 
highest satiety value and the low protein 
diet the lowest. 

The low protein diet studied by Dole et 
al. (loc. cit.) contained only 35 + 5 g. of 
protein. Unlimited carbohydrate, and fat 
and salt were allowed. It was tried upon 42 
overweight hospitalized patients with good 
results. These authors report that 32 
subjects lost more than 100 g. per day and 
continued to feel well. Since prescription of 
a high protein diet resulted in an increased 
intake of calories (not prescribed) Dole 
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and co-workers feel that limitation of 
protein may be a useful adjunct to the 
treatment of obesity. However, these 
authors point out that many patients lost 
weight upon hospitalization alone without 
specific dietary treatment. These patients 
insisted that they had enough to eat and 
were unable or unwilling to eat enough to 
maintain a steady weight. Also, from three 
to twelve months after discharge 52 per cent 
of the patients had regained all of their 
original weight, 30 per cent had remained 
almost steady, and 18 per cent had con- 
tinued to reduce. A decision as to whether 
the results should be interpreted as a 
specific effect of protein should be re- 
served until further data are available. It 
might be noted that an intake of 35 g. of 
protein is very difficult to achieve with a 
selection of ordinary foods. Relative ex- 
cesses of sugar and fat intake are necessary 
if a high caloric intake is to be achieved. 
What constitutes an acceptable diet for an 
individual is a highly personal thing, and the 
kinds of food, methods of preparation, 
conditions under which it is to be eaten, etc., 
are all important. The prescription of a diet 
which the patient does not like will prob- 
ably be a reducing diet provided the pa- 
tient does not eat other foods. There is 
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little evidence in this paper by Dole et al. 
that a low protein diet is more useful than 
many others which might be prescribed. 
Weight reduction can be obtained in a 
reasonably satisfactory manner provided 
the patients continue the treatment and 
are closely supervised. As evidenced by this 
paper, even the change associated with 
hospitalization may be sufficient in a num- 
ber of instances. The successful dietary 
treatment of obesity will result when a diet 
is found that is sufficiently acceptable for a 
majority of patients over a long period of 
time. This is not with us yet. 

In view of the wide public interest in 
obesity some caution is in order when a 
diet as low in protein as the one offered by 
Dole et al. is publicized. The authors did 
not find any evidence of abnormal liver 
function or any deficiency symptoms in 
these patients and this would be expected 
from previous knowledge of protein needs. 
However, the dangers of severely limited 
diets in unsupervised persons are well known. 
The restricted intake of many of the so- 
called “protective necessary to 
achieve this low level of protein intake 
appears unwise without adequate dietetic 
advice and may have unfortunate effects. 
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EXCRETION OF IRON 


Requirements for dietary sources of iron 
vary but are greater in females than in 
males, and are enhanced during periods of 
growth, pregnancy and loss of blood. In 
clinical experience iron deficiency usually 
occurs secondary to factors of increased 
requirement of the mineral or of blood loss. 
Experimental evidence has indicated that 
loss of iron through body excretions is very 
small. Yet precise determination of the daily 
body iron loss has been difficult. A recent 
report of R. Dubach, C. V. Moore, and 8. 
Callender (J. Lab. Clin. Med. 45, 599 
(1955)) is of significance because it records 


the iron lost in excretions as determined by 
the use of radioiron. 

It should be recalled that most of the iron 
of the body is present in blood hemoglobin 
(55 to 60 per cent of the total body iron), 
while the remainder is distributed in storage 
depots, in various enzymes, and in the 
myoglobin of muscles (Nutrition Reviews 
5, 85 (1947)). All cells contain some iron 
and it may be assumed that cells lost by 
desquamation of the skin or of the lining 
membranes of the gastrointestinal tract 
would contribute their iron content to 
sweat or feces. When radioactive iron is 
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injected a large portion of the isotope 
appears promptly in the circulating hemo- 
globin to be released only when the newly 
formed red blood cells disintegrate. If any 
portion of the iron freed by the dissolution 
of red blood cells is excreted, it would be 
anticipated that this would be most notable 
at the time when greatest numbers of red 
cells are destroyed or after an interval of 
from 100 to 120 days after injection. 

In the study of iron excretion in 4 normal 
persons Dubach and her associates injected 
ferrous ascorbate intravenously. The ferrous 
compound contained the isotope Fe’, 
and was administered as a single dose in 
quantities of from 6 to 18 microcuries. 
Fecal specimens were collected in five-day 
periods during the 140 days which followed 
the injection. The quantity of radiciron 
excreted daily in the feces was determined 
after ashing, extracting and electroplating. 

In these individuals from 70 to 90 per 
cent of the injected dose of iron appeared 
promptly in the red blood cells as hemo- 
globin. Only small quantities of the isotope 
were found in the feces, about 0.02 per cent 
being excreted daily during the first three 
weeks and 0.01 per cent daily for the re- 
mainder of the period of 140 days. There 
was no increase in the fecal content of 
radioactive iron 100 to 120 days after the 
injection, indicating that no detectable 
quantity of iron released at the end of the 
life span of red cells was excreted into the 
intestine. Calculation of the total iron loss 
in the feces demonstrated that daily excre- 
tion by this route varied from 0.33 to 0.52 
mg. per day. 

Three women with iron deficiency anemia 
were studied similarly. In each instance the 
quantity of iron in the feces was much less 
than in the normal or control subjects. The 
calculated total daily iron loss in the feces 
was 0.03, 0.03 and 0.06 mg., values only 
one-tenth as great as those determined in 
normal individuals. Moreover, there was 
no indication of greater iron loss in the 
period from 110 to 120 days after injection. 
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In hemolytic anemia red cells are de- 
stroyed more rapidly than in normal sub- 
jects. Since it was considered likely that 
under these circumstances fecal iron excre- 
tion would be increased, 2 patients with 
this abnormality were studied. In one of 
these, a patient with sickle cell anemia, the 
radioiron content of feces was five to six 
times that of normal persons and the 
calculated total excretion of iron was 1.45 
mg. per day. The second patient, a man 
with a form of hemolytic anemia termed 
hereditary spherocytosis, responded in a 
manner wholly comparable to that ob- 
served in the control subjects. 

Hemolytic anemia was also induced 
acutely in 2 dogs by the feeding of pheny!l- 
hydrazine. As in the patient with this form 
of anemia there was an increase in fecal 
iron as red blood cells were destroyed and 
the blood hemoglobin concentration de- 
creased. It was possible to calculate the 
amount of iron released as hemoglobin 
levels fell and then to determine the portion 
lost in the feces. In one animal about 3 per 
cent of the freed iron appeared in the feces 
during an eighteen-day period following 
the administration of phenylhydrazine while 
in the other the fecal iron loss was 3.5 per 
cent. 

The investigators also considered sweating 
as a route of iron excretion and determined 
radioiron in sweat during periods of induced 
profuse perspiration. In the 3. persons 
studied only minute traces of the iron 
isotope could be detected in the relatively 
large volumes of sweat collected. Moreover, 
there was no correlation between the volume 
of sweat and the iron content. If it is as- 
sumed that iron loss in perspiration may 
continue at the undoubtedly greater rate 
associated with profuse sweating, the 
greatest calculated iron loss by this route 
according to the authors’ data is about 1.5 
mg. per day and in most instances was much 
less. Iron excretion through sweating was 
somewhat greater in one patient with 











~_m 


-_ 


yw 


—= © Wy 


as 
th 











1955] 


hypoplastic anemia who had previously 
received many transfusions. 

Other avenues of iron loss were explored 
also. Detectable but very small quantities 
were found in hair clippings, but greater 
amounts were observed in saliva shortly 
after the injection of the solution of ferrous 
ascorbate. Other observations have shown 
that very little iron is excreted in the urine. 

The experiments described indicate that 
the body possesses a remarkable capacity 
for the conservation of iron stores. There 
was no detectable increase in excretion of 
the isotope at the end of the life span of 
normal red blood cells. Moreover, increase 
in the rate of destruction of red cells as in 
hemolytic anemia was associated with the 
loss of only relatively small proportions of 
the iron released from hemoglobin. In the 
instance of iron deficiency anemia iron loss 
through excretion was apparently reduced. 

The data recorded corroborate earlier 
reports that under usual circumstances the 
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daily iron loss from the body is small, but, 
nevertheless, emphasize the fact that some 
loss does occur regularly through the bowel 
and skin. The authors estimate that the 
total daily iron excretion in urine, sweat 
and feces in normal adults is of the order of 
0.5 to 1.0 mg. per day. Observations made 
previously in the same laboratory had 
demonstrated that less than 10 to 15 per 
cent of iron ingested in food is absorbed 
(C. V. Moore and R. Dubach, Tr. Assn. 
Am. Physicians 64, 245 (1951)). Assuming 
an intake of from 10 to 15 mg. of iron in the 
daily diet of which no more than 1.0 to 
1.5 mg. is absorbed, the quantity of iron 
loss demonstrated is considerable and the 
amount of iron retained is relatively small. 
Therefore, it would seem to be readily 
possible for iron deficiency to occur on a 
nutritional basis and without blood loss, 
particularly in persons with inadequate 
diets for prolonged periods or with defects 
in intestinal absorption. 


METABOLISM OF ADRENAL STEROIDS IN MAN 


The development of a method for meas- 
uring the plasma concentration of adrenal 
steroids as represented by 17-hydroxy- 
corticosteroids has made possible a more 
detailed study of the function of the adrenal 
cortex and the metabolism of these hormones 
in a variety of clinical conditions. A series 
of papers from the University of Utah 
College of Medicine reports such studies 
in normal subjects after the administration 
of adrenocorticotropic hormone (ACTH), in 
adrenal insufficiency during and _ after 
surgical operations, and in patients with 
liver disease (K. Eik-Nes et al., J. Clin. 
Invest. 33, 1502 (1954); A. A. Sandberg, 
Eik-Nes, L. T. Samuels, and F. H. Tyler, 
Ibid. 33, 1509 (1954); Tyler et al., Ibid. 
33, 1517 (1954); H. Brown, D. G. Willard- 
son, Samuels, and Tyler, Jbid. 33, 1524 
(1954)). 

In the first study ACTH was administered 


to normal individuals, to patients with 
adrenal cortical insufficiency, and to 2 
patients with classic Addison’s disease. In 
the latter instance 25 1.u. of ACTH ad- 
ministered over eight hours did not induce 
the appearance of 17-hydroxycorticosteroids 
in the blood which were absent before and 
after the infusion. Of the patients with 
adrenal cortical insufficiency ACTH  pro- 
duced no rise of 17-hydroxycorticosteroids 
in 3 and a minimal rise in 2. The latter 
patients showed a concomitant fall in blood 
eosinophils, whereas the other 3 who did 
not respond showed no eosinopenia. This 
is evidence that the blood measurements are 
reflecting the functional state of the ad- 
renals. 

In the normal individuals from 10 to 
40 micrograms per 100 ml. of plasma of 
17-hydroxycorticosteroids were found six 
hours after the infusion of 25 1.v. of ACTH. 
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These changes in blood steroid concentra- 
tion were inversely proportional to the 
eosinophil counts. By varying the quantity 
of ACTH administered the authors decided 
that the infusion of 25 to 30 1.u. of ACTH 
in six hours achieved maximal stimulation 
of the adrenal cortex. The continuous in- 
fusion of ACTH over a period of forty-eight 
hours led to a high and prolonged elevation 
of the blood steroid level. 

Using essentially the same method of 
measurement of the plasma 17-hydroxy- 
corticosteroids, R. 8S. Ely, P. F. Bray, R. B. 
Raile, and V. C. Kelley (J. Clin. Invest. 33, 
1587 (1954)) studied the relationship of 
ACTH and epinephrine administration to 
stimulation of the adrenal to secrete steroids. 
The blood steroid response to ACTH ad- 
ministration was considered the most valid 
of the tests of adrenal function. The re- 
sponse of blood eosinophils to epinephrine 
(the production of eosinopenia) has been 
used in the past as a test of adrenal cortical 
function. However, the authors found that 
there was no response in the blood concen- 
tration of the steroids following the ad- 
ministration of epinephrine, leading to 
doubt that it was a useful test of adrenal 
function. It was felt, however, that the 
eosinopenic response to the administration 
of ACTH was a useful clinical screening test. 

To study the effects of anesthesia and of 
surgery on adrenal function, 44 patients 
undergoing various kinds of surgical opera- 
tions with anesthesia of various kinds were 
followed by the Utah workers, in some 
instances before and after anesthesia and 
during surgery, and in other cases in a few 
hours to a day or two postoperatively. 
General anesthesia induced a definite rise 
in the plasma  17-hydroxycorticosteroid 
levels in most instances, but spinal anesthe- 
sia had little effect. In most instances there 
was a distinct, sometimes marked rise in the 
steroid levels during the operations, and 
likewise for the six hours after operation an 
additional rise above the already elevated 
levels was often observed. ACTH was ad- 
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ministered to 6 patients following surgery 
and a second rise occurred, suggesting that 
the adrenals were not maximally stimulated 
by the operation itself. 

For a few patients the rate of increase of 
the steroid level after surgery with or with- 
out ACTH administration was more rapid 
than in control periods after ACTH. This 
led the authors to consider that in addition 
to the increased production of steroids, a 
diminished rate of destruction might be 
operating in these patients. As metabolism 
of these compounds is known to occur at 
least in part in the liver, studies were made 
of the relationship between liver function 
as measured by bromsulfalein retention and 
the rise in the plasma steroids after surgery. 
A rough correlation was found. 

Moreover, the increased 17-hydroxy- 
corticosteroid concentrations in the plasma 
after the intravenous administration of 
hydrocortisone (1 mg. per kilogram of 
body weight) decreased much more rapidly 
in the normal individuals than in the pa- 
tients with liver disease. Following the 
hydrocortisone infusion there was at first a 
very rapid disappearance of the steroids 
from the blood which was independent of 
the state of the liver. However, after this 
period there was a much slower disap- 
pearance which seemed intimately related to 
liver function. The rate and quantitative rise 
in plasma concentration of the steroids after 
the ACTH administration was quite normal 
in patients with hepatic impairment, and 
fasting blood levels of the steroids were also 
unchanged from the normal. A decreased 
excretion of 17-hydroxycorticoids in the 
urine was found in these patients with liver 
disease, which was to be considered evi- 
dence, along with the normal fasting plasma 
levels, that patients with liver disease had a 
decreased production of adrenal cortical 
steroids in addition to a diminished excre- 
tory rate. 

These results, taken together, support the 
authors’ hypothesis that following general 
anesthesia and major surgical operations a 
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diminished rate of disappearance of adrenal 
cortical hormones from the body occurs and 
that this, together with adrenal stimulation, 
presumably from endogenous ACTH, leads 
to the increased blood levels. A diminished 
rate of disappearance of the steroids was 
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presumed due to an impaired liver function 
in the patients operated upon. Substantiat- 
ing evidence for this hypothesis was a 
diminished rate of breakdown of exogenously 
administered hydrocortisone by patients 
with liver disease. 


INCREASE IN SERUM TRANSAMINASE ACTIVITY WITH 
MYOCARDIAL INFARCTION 


Among the physiologic roles of pyridoxine 
is participation in systems of protein me- 
tabolism. This effect is at least in part 
mediated through the enzyme transaminase, 
for which pyridoxal phosphate acts as 
coenzyme (Nutrition Reviews 12, 46 (1954)). 
Transaminase catalyzes reactions which 
accomplish transfer of an alpha-amino 
nitrogen from an amino acid to an alpha- 
keto acid with resultant synthesis of a 
second amino acid and alpha-keto acid. 
Representative of this type of reaction is 
the synthesis of glutamic acid and oxalacetic 
acid from aspartic acid and alpha-keto- 
glutaric acid. Transaminase activity has 
been found in a variety of animal tissues 
and is reduced in animals depleted of 
pyridoxine. 

A. Karmen, F. Wroblewski, and J. 8. 
LaDue (J. Clin. Invest. 34, 126 (1955)) have 
demonstrated transaminase activity in hu- 
man serum and have determined activity of 
the enzyme in serum from patients with a 
variety of disorders. The method evolved 
for assay of serum transaminase included 
incubation of an aliquot of serum in a 
medium containing alpha-ketoglutarate and 
either L-aspartic acid or L-alanine. The 
products of reaction included glutamic acid 
when either amino acid was used as sub- 
strate. Glutamate was isolated from the 
reaction mixture by paper chromatography. 
It was located on the paper strips, eluted, 
and the quantity determined colorimetrically 
by using the ninhydrin procedure. The 
method afforded quite satisfactory recovery 
of added quantities of glutamate. Addition 


of pyridoxal phosphate or of an extract of 
rat liver as a possible source of activators 
failed to influence the rate of transaminase 
reaction of serum, indicating that the system 
was apparently complete. 

The enzyme was demonstrated in all 
human serums tested. However, activity 
seemed to be slightly greater when aspartate 
was included in the substrate as compared 
with alanine. Samples of serum were ob- 
tained from 30 patients with a variety of 
disorders. Significantly increased trans- 
aminase activity was found in 4 patients 
with malignant disease, in one with viral 
hepatitis, and in two with recent myocardial 
infarction. The increase in activity following 
myocardial infarction was considered to be 
a finding of particular interest, since heart 
muscle is known to contain relatively great 
quantities of transaminase. It was thought 
possible that damage to the myocardium 
might result in release of the enzyme into 
the blood stream. 

The changes in serum transaminase levels 
associated with myocardial infarction have 
been studied in experimentally induced 
infarction of the heart muscle of dogs (C. M. 
Agress and co-workers, Circulation 11, 711 
(1955)). The procedure utilized in producing 
the experimental lesion was an ingenious 
one in which occlusion of the coronary 
arteries was induced by injection of tiny 
plastic beads passed through a catheter 
placed in the carotid artery and with the dog 
under nembutal anesthesia. Changes in the 
electrocardiogram afforded evidence that 
infarction had been produced. The animals 
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were killed at the end of the experiment 
and the extent of the infarcted area was 
estimated by examination of serial sections 
of the heart muscle. Blood specimens were 
taken before induction of infarction and at 
intervals thereafter. Similar specimens were 
obtained from 2 dogs which served as con- 
trols and had undergone sham operations. 
Transaminase activity was determined by 
the method described in the earlier paper. 
Myocardial infarction was produced in 
12 dogs and in each there was a sharp rise 
in serum transaminase levels. Peak values 
were increased by factors as great as twenty 
or thirty times the control or preinfarction 
levels. Plotting of enzyme activity against 
time after induction of myocardial damage 
in single animals demonstrated that eleva- 
tions began from one to five hours after 
injury and reached maximum values in 
from nine to twenty-three hours, after 
which there was gradual decline during the 
following twenty-four hours in most ani- 
mals. In some, however, there was subse- 
quent gradual progressive increase which 
stood out in contrast to the initial sharp 
rise. This secondary elevation was thought 
to result not from infarction but from some 
other factor, since a similar rise occurred 


_in one of the 2 sham operated animals. It 


was suggested that this lower rise might be 
caused by the prolonged anesthesia, but this 
remains to be fully established. 

Comparison of maximum activities of 
serum transaminase with the extent of 
myocardial damage indicated that there 
was a tendency for positive correlation with 
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increasing values, with greater areas of 
heart muscle having been damaged. In- 
farction of as little as 10 per cent of the 
myocardial mass was associated with 
detectable and apparently significant in- 
crease. 

The observations described are of real 
interest and of potentially great practical 
importance. The fact that there is an in- 
crease in serum transaminase level occurring 
promptly after myocardial infarction, with 
the degree of elevation relating importantly 
to the extent of the lesion, may well afford 
an important new tool for the clinician for 
purposes of diagnosis and prognosis. No data 
are recorded in these papers which would 
demonstrate the source of the increased 
quantities of enzyme circulating in the 
blood stream. However, the authors state 
that in as yet unpublished work they have 
found the transaminase activity of infarcted 
myocardium to be much less than that of 
normal heart muscle. It is inferred, there- 
fore, that the elevation of serum enzyme 
level occurs because of release of transaminase 
by the damaged muscle. If this is true, it 
would be anticipated that damage to other 
tissues might also be accompanied by in- 
creased levels of transaminase in serum, 
although the amount of change might be 
less because of relatively great activity of 
myocardium as compared with other tissues. 
Nonetheless, it is hoped that these observa- 
tions will be extended to further study of 
patients with coronary occlusion and other 
disease processes in which there may be 
tissue damage and necrosis. 


AMINO ACIDS IN INFECTIOUS HEPATITIS IN CHILDREN 


As the liver is the site of deamination of 
amino acids, one would expect to find 
abnormalities in the blood concentrations 
and excretion of these nutrients in diseases 
of this organ. Consistently high blood 
levels of amino acids, however, have been 
found almost solely in patients with massive 


necrosis of the liver (acute yellow atrophy). 
Yet some increases in plasma concentration 
have been found in other disturbances of the 
liver, and in most patients with disease of 
this organ aminoaciduria, although not of 
high degree, is usually found. This is par- 
ticularly true of patients in hepatic coma 
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(J. M. Walshe, Quart. J. Med. 22, 483 
(1953)). 

D. Y.-Y. Hsia and 8. 8. Gellis (J. Clin. 
Invest. 33, 1603 (1954)) have determined 
the blood alpha-amino nitrogen concentra- 
tion and urinary excretion of total alpha- 
amino nitrogen and individual amino acids 
studied by paper partition chromatography 
in 18 children with acute infectious hepatitis. 
Sixteen normal children, studied as con- 
trols, had blood amino acid levels ranging 
from 1.8 to 5.0 mg. per cent with a mean of 
3.4 and a mean twenty-four-hour urinary 
excretion of alpha-amino nitrogen of 0.85 
mg. per pound of body weight (range 0.69 
to 1.01). 

The patients were divided into three 
groups, those with moderate aminoaciduria 
representing an increase of more than 50 
per cent above the values for the normal 
children, those with borderline amino- 
aciduria 25 to 50 per cent above normal, 
and those with no aminoaciduria. Six 
children belonged in each group. The mean 
plasma alpha-amino nitrogen content was 
5.5 mg. per cent during the acute phase of 
the hepatitis in the 6 patients with moderate 
aminoaciduria and fell following recovery 
to 3.3 mg. per cent. The patients with 
borderline aminoaciduria or no amino- 
aciduria had normal blood levels throughout. 

The distribution of the amino acids in the 
urine as determined by paper chromatog- 
raphy showed a distinct increase in the 
number of amino acids found in the patients 
with hepatitis as compared either to the 
normal controls or to the same patients 
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after recovery from their disease. The con- 
centration as well as the number of many 
of the amino acids was increased. Thus, new 
amino acids appeared in the urine, and 
those normally present were usually in- 
creased in concentration, 
always so. 

The authors concluded that it was most 
likely that the increased blood levels and 
increased urinary excretion of amino acids 
was due to impaired deamination by the 
diseased liver. They point out, however, 
that a defect in renal tubular reabsorption 
of amino acids could not be ruled out as an 
additional factor. They comment further 
that the high protein diet usually rec- 
ommended as therapy for viral hepatitis 
is unimportant during the acute phase of 
the disease because the increased amino acid 
blood levels would indicate an increased 
availability of these nutrients for the body. 
On the basis of these studies alone this is a 
reasonable conclusion to make. Neverthe- 
less, there are many circumstances in medi- 
cine in which increased blood levels of 
substances are found, but their metabolism 
after loading is normal. Moreover, there 
continues to be good evidence that high 
protein diets may have some value in the 
treatment of viral hepatitis (see also Nutri- 
tion Reviews 13, 105 (1955)). The conclusion 
on the basis of these studies that there is no 
therapeutic value does not appear entirely 
warranted but does indicate that further 
evidence of the desirability of administering 
a high protein diet be obtained. 


although not 


ISOLEUCINE STUDIES WITH THE HEN 


Isoleucine, one of the essential amino 
acids, is known to be required in the diet 
of all vertebrates studied for growth or 
maintenance of body weight of adults 
(Nutrition Reviews 5, 57 (1947); 8, 118, 248 
(1950); 12, 68 (1954)). No specific symptoms 
of a dietary deficiency have been described. 


The dietary need of the hen for isoleucine 
has been demonstrated by C. R. Grau and 
L. W. Taylor (Poultry Sci. 27, 665 (1948)), 
although full details of their work are not 
available. 

The isoleucine requirement of the laying 
hen has been studied by E. C. Miller, M. L. 
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Sunde, H. R. Bird, and C. A. Elvehjem 
(Poultry Sct. 33, 1201 (1954)). White 
Leghorn hens kept in laying batteries with 
raised wire floors were fed an isoleucine-low 
diet composed of blood meal (which is 
known to be low in isoleucine), cereals, 
dextrin, alfalfa meal and soybean oil. The 
ration was adequately fortified with minerals 
and vitamins and contained added amounts 
of pure glycine, tyrosine and arginine. The 
isoleucine content of this diet was 0.33 per 
cent as measured by microbiologic assay. 
The effect of dietary additions of four 
different levels of ptL-isoleucine (0.1 to 
0.4 per cent) on weight of the hens, egg 
production, and hatchability of eggs was 
studied. Four hens were used in each group. 

When the hens were given the isoleucine- 
low diet, egg production dropped rapidly 
during the first week and the hens stopped 
laying entirely by the sixteenth day. Body 
weight also decreased during the first week 
and continued to decrease until the end of 
the experiment (seven weeks). Several of 
the birds became very weak and were un- 
able to stand at about four weeks of age, 
but they continued to consume food and 
water. There was no mortality. Hatchability 
of eggs was slightly reduced after the hens 
were on the diet three weeks, but the authors 
did not attach any significance to the differ- 
ences obtained because of the small number 
of eggs produced. The chicks that hatched 
from eggs of the deficient hens were fed a 
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standard chick starting ration and grew 
at a slightly reduced rate up to four weeks 
of age when compared with normal birds. 
Microbiologic assay of the eggs from the 
deficient hens showed no difference in 
isoleucine content as compared with control 
eggs. 

The addition to the diet of 0.4 per cent 
of isoleucine completely prevented all 
deficiency symptoms, resulting in normal 
egg production, maintenance of body weight, 
and normal hatchability of eggs and growth 
of chicks. Since it is known that only the 
L-isomer of isoleucine is active for the chick 
(C. R. Grau and D. W. Peterson, J. Nutri- 
tion 32, 181 (1946)) Miller and co-workers 
concluded that approximately 0.53 per cent 
of L-isoleucine (including the amount present 
in the basal diet) is required in the diet of 
the hen for normal performance. Whether 
the hen utilizes the p-isomer of isoleucine 
to any extent was not shown by these 
studies, but it is probably safe to assume 
that it is not utilized, until further experi- 
ments are done. 

This study contributes to the fund of 
basic knowledge concerning the essential 
amino acid isoleucine. This information 
is of interest not only because of the im- 
portance of poultry and eggs as food for 
man but because it presents a means of 
conveniently studying the metabolism of 
isoleucine and its requirement for reproduc- 
tion. 


INFLUENCE OF RATION ON MILK BUTTERFAT LEVEL 


From time to time reports have appeared 
from various parts of the world that low 
intakes of roughages accompanied by heavy 
concentrate feeding result in a low butterfat 
level in the milk of dairy cows. The relation 
of ration to butterfat level in milk has 
recently been studied in several carefully 
controlled experiments by Balch and as- 
sociates at the National Institute for Re- 


search in Dairying at the University of 
Reading in England. 

In an initial experiment the daily control 
ration consisted of 17 to 21 pounds of hay, 
30 pounds of mangolds (a_large-rooted 
variety of the common beet, cultivated for 
feeding livestock) and 4 pounds of a con- 
centrate mixture per 10 pounds of milk 
produced. Two low-roughage rations were 
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achieved by replacing all but 6 pounds of the 
hay in one or all but 2 pounds of hay in 
the other with 9 pounds of a concentrate 
mixture low in fiber protein. Reducing the 
roughage in this manner lowered the butter- 
fat level in the milk. The average difference 
between those cows on full-roughage feed 
and those on the 6-pound hay allowance 
was 0.49 per cent of the butterfat. When 
only 2 pounds of roughage were fed, the 
reduction in milk butterfat level was still 
greater, 0.59 per cent (C. C. Balch et al., 
J. Dairy Res. 19, 39 (1952)). 

A practical question arising from these 
results was the possibility that the milk 
fat depression was due to the change in 
protein intake rather than to low intake of 
roughage per se. This possibility was in- 
vestigated in another study (C. C. Balch 
and co-workers, J. Dairy Res. 21, 166 
(1954)). Twenty cows were used to compare 
the effect of changes in dietary protein level 
on the fat and solids-not-fat content of 
milk. During initial and final control periods 
all cows received 18 pounds of hay daily 
and about 4 pounds of concentrate (16.5 
per cent protein) per 10 pounds of milk 
produced. In a seven-week experimental 
period 4 cows remained on the control ration, 
8 were fed 4 pounds of hay and 6 pounds of 
extra concentrate containing 22.3 per cent 
of protein, while 8 received the low-hay 
ration and extra concentrate containing 11.6 
per cent of protein. In addition, half of the 
cows on each of the low-hay, extra-con- 
centrate feeds were fed 10 pounds of mac- 
erated delignified straw pulp containing 1 
pound of crude fiber. 

With the diets low in hay and high in 
concentrates there was a gradual fall in 
the fat content of the milk. By the sixth 
and seventh weeks a decrease of 0.67 per 
cent was observed in the group receiving 
the high-protein supplement and 0.72 per 
cent in the group on the low-protein supple- 
ment. The supplement of delignified straw 
pulp failed to influence the results. Toward 
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the end of the experimental period there 
was a tendency for the solids-not-fat content 
of the milk to increase slightly. 

Whether the physical state of the hay 
used in these studies had any influence was 
also investigated (C. C. Balch et al., J. 
Dairy Res. 21, 172 (1954)). Four comparable 
groups of cows were used. All cows received 
16 pounds of hay daily and about 4 pounds 
of concentrate per 10 pounds of milk during 
an initial control period. The concentrate 
consisted of flaked maize 50 per cent, weat- 
ings (wheat middlings containing no more 
than 5.75 per cent fiber) 35 per cent, and 
decorticated groundnut (peanut) cake 15 
per cent. Three groups were transferred to 
12, 8 and 4 pounds of hay daily, respectively. 
The fourth group received 8 pounds of 
coarsely ground hay daily. The reduction 
in hay intake for all groups was balanced 
by increases in concentrate intake. The 
change from 16 to 12 pounds of hay intake 
did not influence the milk fat concentration. 
Based on the values for the sixth and seventh 
weeks, the groups receiving 8 and 4 pounds 
of hay, and 8 pounds of ground hay, had 
fallen 1.16, 1.12 and 1.72 per cent, re- 
spectively, in milk fat content. 

The results demonstrated that the depres- 
sion in milk fat concentration resulting from 
rations high in concentrates and low in 
roughage was not due to a dilution effect 
associated with increases in milk yield. In 
fact, there was a tendency towards an 
acceleration of the decline in milk yield 
with time of lactation in cows receiving the 
high concentrate feeds, with resulting losses 
of 28 to 55 per cent in total milk fat produc- 
tion. 

Balch and associates stated that in the 
experiments summarized thus far the con- 
centrate mixture used was relatively high in 
flaked maize. 

In the following experiment the type of 
concentrate fed in a low-roughage ration was 
shown to have profound influence on milk 


fat level (C. C. Balch et al., J. Dairy Res. 21, 
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305 (1954)). A ration in which 4 pounds of 
hay was supplemented with a concentrate in 
the form of a cube containing a variety of 
constituents did not influence milk fat. A 
similar ration supplemented with a con- 
centrate high in maize starch caused an 
average decrease in milk fat content from 
4.04 to 3.00 per cent. The quantity of crude 
fiber supplied by the two rations differed 
only slightly while the major difference 
between them was the content of readily 
digestible starch. 

Both lack of coarse feed (hay) and the 
presence of liberal digestible starch in the 
feed thus appear to be the factors responsible 
for the depression in milk fat content. Since 
both of these factors can have profound 
influence on the process of rumination, it is 
reasonable that the depression in milk fat 
from high starch intakes represents a nutri- 
tional disturbance associated with changes 
in the physical and biochemical processes in 
the reticulorumen. 

Digestibility trials were conducted and 
the results did not reveal any real differ- 
ences in the dry matter, crude protein, ether 
extract, crude fiber, cellulose, cellulosans, or 
pentosans digestion in the cubed-concen- 
trate ration and the high-flaked maize con- 
centrate ration. 

The most recent publication in this series 
presents the results when the source of 
starch in the concentrate of the ration was 
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varied (C. G. Balch et al., J. Dairy Res. 22, 
10 (1955)). The three rations tested con- 
tained 4 pounds of hay and concentrates 
consisting of 35 per cent of weatings, 15 
per cent of decorticated peanut cake, and 
50 per cent of either flaked maize, maize 
meal, or dredge corn (crushed oats and 
barley), respectively. 

The ration containing flaked maize caused 
a marked fall in milk fat content, that 
containing maize meal caused a slight fall, 
and the dredge-corn concentrate was without 
effect. The average milk fat content on the 
flaked maize ration was 0.71 per cent below 
that on the dredge corn ration during the 
sixth week of the experiment. Balch and 
associates are of the opinion that the special 
effect of flaked maize may be associated with 
the rupture of the starch granule and the 
partial dextrinization of the ruptured 
granules. 

Although no direct evidence of the 
specific nutritional disturbance responsible 
for milk fat depression has been obtained 
by these British workers it is reasonable 
that the suppression of rumen micro- 
organisms associated with low fiber-high 
concentrate rations would decrease microbial 
rumen fermentation and thus lower the 
production of the short-chain fatty acids 
in the rumen, the compounds that are 
probably the normal precursors for milk 
fat synthesis. 


VITAMIN A STABILITY IN FEEDS 


Vitamin A is known to be one of the least 
stable of all vitamins in foods and feeds 
(see Nutrition Reviews 10, 50 (1952); A. J. 
Siedler and B. 8. Schweigert, J. Agr. Food 
Chem. 2, 193 (1954)). Several studies on the 
destructive action of various trace minerals 
on vitamin A in feeds have been reported. 
A. W. Halverson and E. B. Hart (J. Nutri- 
tion 40, 415 (1950)) found that salts of 
iron, copper, cobalt and manganese caused 
rapid destruction of vitamin A when they 


were added to a white corn-cod liver oil 
mixture. Similar studies with other diets 
were reported by A. W. Davies and A. N. 
Worden (J. Sct. Food Agr. 5, 107 (1954)). 
A. W. Halverson and C. M. Hendrick 
(Poultry Sci. 34, 355 (1955)) have studied 
further effects of trace minerals and other 
dietary ingredients upon vitamin A sta- 
bility in stored animal rations. Several 
different commercially available sources 
of vitamin A were compared: cod liver oil 
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(2000 1.u. of vitamin A per gram), a “dry 
preparation” containing fish oil in a dry 
carrier (12,200 I.u. per gram), and a “sta- 
bilized”’ product consisting of small pellets 
in which the fat-soluble vitamins were 
sealed into the carrier (wheat germ oil meal 
and soybean oil meal) with wax by a com- 
mercial process (12,900 1.u. per gram). 
The vitamin A products were incorpo- 
rated into three different types of poultry 
rations. These diets were composed of 
practical ingredients including white corn 
or sorghum grain, soybean oil meal, and 
varying amounts of grain products, animal 
by-products, and minerals. The effect of 
various modifications of the ration on the 
stability of vitamin A was studied. The 
diets were stored in paper sacks at 37°C. 
from thirty to 150 days after an initial 
vitamin A analysis. Vitamin A was measured 
in all instances by chemical test (antimony 
trichloride) rather than by animal assay. 
The results of the studies in which the 
vitamin A was supplied by cod liver oil or 
by the dry preparation were similar. After 
thirty days of storage relatively little vita- 
min A was lost (less than 18 per cent) except 
when small amounts of trace minerals were 
added to the ration (salts of manganese, 
iron, copper and cobalt). When these 
minerals were present from 18 to 37 per 
cent of the added vitamin A was destroyed. 
After 150 days of storage a considerable 
amount of vitamin A was lost (from 45 to 
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93 per cent) in all the rations containing the 
first two types of vitamin A. Destruction 
was especially severe in the presence of the 
mixtures of trace minerals (62 to 93 per 
cent). 

Storage of vitamin A in the rations con- 
taining the “stabilized”’ product was superior 
to storage with the other two types of 
vitamin A even when trace minerals were 
present. Not over 10 per cent of the vitamin 
A was lost after thirty days of storage and 
even after 150 days there was only a 34 
per cent loss in the presence of trace minerals. 
Other changes in the diet, such as the 
presence of meat scraps, bone meal, fish 
meal, manganese alone, or different cereal 
products, had no consistent effect on vitamin 
A stability. 

The results of these studies demonstrate 
the detrimental effect of trace minerals on 
vitamin A stability and also show the 
superiority of the wax-coated, or ‘‘stabilized,”’ 
vitamin A under these conditions. The sta- 
bility of the vitamin A in the wax-coated 
product suggests its usefulness in laboratory 
experiments in which trace mineral mixtures 
are used in purified or synthetic diets. 

Tests of this nature are important in the 
formulation of animal feeds in order to 
prevent unexpected deficiencies of vitamin A. 
Similar studies to find the specific trace 
mineral, or minerals, responsible for the 
destruction of vitamin A and further means 
of preserving this vitamin are needed. 


VITAMIN D AND CALCIUM ABSORPTION 


B. B. Migicovsky and J. W. S. Jamieson 
(Canad. J. Biochem. Physiol. 33, 202 (1955)) 
have used radioactive calcium in an attempt 
to determine the primary locus of action of 
vitamin D. Day-old chicks were fed the 
A.O.A.C. rachitogenic diet for two weeks. 
While one group received this ration 
supplemented with vitamin D during the 
third week of life, another group was 


continued on the rachitogenic ration. At 3 
weeks of age the birds were fasted twenty- 
four hours and then given an oral dose of 
radioactive calcium (Ca**). Thereafter groups 
of animals were killed at intervals up to 
six hours and radioactive calcium was 
determined in blood and in the tibias. 

Ca* appeared early in the blood of chicks 
receiving vitamin D and rose to substantial 
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levels. In the deficient animals the count rose 
slowly and reached a level less than half that 
observed in the vitamin D-fed birds. Similar 
events occurred in the tibias: a more rapid 
and more extensive accumulation of Ca* 
with vitamin D administration. The authors 
feel that the rate of incorporation of Ca* 
in bone is essentially a reflection of its rate 
of appearance in the blood stream. When 
Ca** was administered intramuscularly, 
thus by-passing the absorption process in the 
intestine, incorporation of Ca** in bone was 
not influenced by the presence or absence of 
vitamin D. This strongly suggests that 
vitamin D may not be crucial in the actual 
process of calcium deposition in bone. 

In a similar study, the relation of the 
dietary calcium level to the effectiveness of 
vitamin D was studied. Chicks were fed the 
rachitogenic diet from 1 day to 3 weeks of 
age. During the last two weeks vitamin D 
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was added to the ration of one group. 
After a twenty-four-hour fast Ca* was 
administered and the animals were killed 
twenty-four hours later. The amount of 
calcium in the dose was varied from 0.7 to 
20.0 mg. per animal. Vitamin D exerted its 
effect at all levels of calcium studied. 
The percentage of Ca*® deposited in bone 
decreased as the total calcium administered 
was increased. 

In a final experiment day-old chicks were 
fed for one week on diets varying in calcium 
content. Some received vitamin D, while 
others did not. A dose of Ca*® was then 
administered and its incorporation into the 
tibias was measured. Vitamin D exerted a 
greater effect when dietary calcium was 
low than when it was high. 

The authors conclude that the primary 
effect of vitamin D is on the absorption of 
calcium from the intestine. 


NUTRITIVE QUALITY OF CEREAL PROTEINS 


The values of cereal proteins have been 
studied under a variety of conditions. It is 
fitting that these studies should be extended 
because of the major importance of cereal 
proteins in diets of many countries. As one 
phase of such investigations, M. C. Kik 
(J. Agr. Food Chem. 2, 1179 (1954)) has 
studied the nutritive value of the protein in 
rice germ for comparison with the data 
already available for wheat and corn germ. 
The rice germ that he studied contained 
14.9 per cent protein, 11.5 per cent fat and 
6.2 per cent ash, and was a good source of 
thiamine, niacin, pantothenic acid, pyridox- 
ine, inositol and choline. The protein in rice 
germ was compared with that in a com- 
mercial grade of milled rice that contained 
about 6.6 per cent protein. Three of the 
diets used in the rat-feeding studies con- 
tained 5.7 per cent protein. In the first 
ration the protein was all supplied by 
milled rice. In the second diet, the protein 


was partly supplied by milled rice and the 
remainder by a 5 per cent rice germ supple- 
ment. In the third diet, all the protein 
was supplied by rice germ. A fourth diet 
was comparable to the third except that the 
protein level was increased to 9.0 per cent 
by a further increase in the amount of 
rice germ. 

Average gains in body weight during 
the ten-week experimental period were 80, 
104, 105 and 114 g. for the four diets, 
respectively. It is obvious that the use of 
rice germ instead of milled rice or as a 
supplement to milled rice had improved the 
growth-promoting properties of the diet. 
The protein efficiency ratio was approxi- 
mately 50 per cent greater in the animals on 
diets 2 and 3 than in those on diets 1 and 4. 
Determinations of the biologic value of the 
protein in rice germ and in milled rice were 
made with the data compiled from the 
12 animals that were fed on rations 1 and 4. 
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The biologic value was approximately 78 
per cent for rice germ and 61 per cent for the 
protein of milled rice. True digestibility, 
obtained by subtracting nitrogen lost in 
feces from total nitrogen intake and dividing 
by 100, was 87 for rice germ and 97 for 
milled rice. These are scarcely fair compari- 
sons in view of the appreciably higher 
protein level in diet 4 than in diet 1. A 
more reasonable comparison could have 
been made between the rats fed diets 1 and 3. 

Determinations of the amino acid compo- 
sition of the rice germ suggested that only 
tryptophan of the ten nutritionally essential 
amino acids was particularly low. Compari- 
son of these data with those available for 
wheat germ and corn germ _ elsewhere 
in the literature would seem to indicate 
that the nutritive value of rice germ was 
at least as good as that of wheat germ and 
corn germ. The desirable properties of 
rice germ both with respect to protein and 
vitamin contents are such that this material 
should be conserved for human nutrition, 
especially in countries where rice is the 
staple component of the diet and other 
sources of protein and vitamin concentrates 
are low. On the basis of dissections of one 
type of rice, Kik observed that at least 
3 per cent of the original grain was germ 
which at present is largely lost to human 
nutrition. If suitable procedures can be 
developed to use this material satisfactorily 
for human food, a sizable amount of nutri- 
ents in terms of the total amount of rice 
consumed could be contributed. 

B. Sure (J. Agr. Food Chem. 2, 1108 
(1954)) has compared the nutritive value of 
proteins in whole wheat and whole rye in 
diets where the two grains supplied either 
9, 8, or 5 per cent protein for an experi- 
mental period of ten weeks. At each protein 
level the whole rye flour ration permitted 
appreciably better growth. At the 9 per cent 
protein level the gain in body weight for the 
rats on the whole rye flour diet was 40 per 
cent better than for the rats on the whole 


wheat flour diet. On the 5 per cent protein 
level the rats fed the whole rye flour diet 
grew 177 per cent faster than the ones on 
the diet with the whole wheat flour. The 
protein efficiency ratio was appreciably 
better for whole rye flour than for whole 
wheat flour in every comparison. Supple- 
ments of 0.25 per cent L-lysine, of 0.25 per 
cent L-lysine and 0.2 per cent pL-threonine, 
of 0.25 per cent L-lysine and 0.5 per cent 
pi-valine, or of 0.25 per cent L-lysine, 
0.5 per cent pi-valine and 0.2 per cent 
pL-threonine to the whole wheat diet all 
resulted in appreciable increases in growth. 
Of these the valine supplement appeared 
to be the least important, especially when 
fed in the presence of the lysine and thre- 
onine supplement. When supplements of 
these amino acids were made to the whole 
rye flour diet, the growth response due to the 
addition of either 0.25 per cent L-lysine or 
0.2 per cent pi-threonine was very small. 
However, there was a significant growth 
response when 0.2 per cent pL-threonine and 
0.25 per cent L-lysine were provided 
simultaneously. The addition of 0.5 per cent 
pL-valine alone to the diet produced the 
most striking response both in growth and 
in protein efficiency. No beneficial effect of 
lysine was evident in the presence of valine 
and the addition of lysine and threonine 
seemed to have produced an imbalance of 
amino acids in the presence of valine. 

The improved growth and protein effi- 
ciency observed with the use of whole rye 
flour rather than of whole wheat flour is an 
interesting finding which should stimulate 
appreciable thought as to how rye products 
can be used more extensively in human 
diets and animal feeds. At present the 
popular demand for wheat, corn and oats 
as the chief cereal components of the 
American dietary has led to low production 
of rye. The author expresses the view that 
millions, of acres of land in this country 
presently regarded as wastelands could be 
converted to rye cultivation and thus pro- 
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vide plant proteins of good quality for man 
and farm animals. 

In additional studies B. Sure (J. Agr. 
Food Chem. 2, 1111 (1954)) has reported the 
influence of processing on the supplementary 
value of vitamin By, to the proteins in soft 
whole wheat in the presence of lysine, 
valine and threonine. The proteins in soft 
wheat flour and in a commercial shredded 
wheat product were compared. Prior to 
amino acid supplementation, the diet 
containing the soft wheat flour as the 
source of protein permitted somewhat 
better weight gains and slightly more 
efficient use of protein than the diet con- 
taining the shredded wheat product. Supple- 
ments of 04 per cent L-lysine with 0.2 
per cent pu-threonine caused striking 
increases in the rate of body weight gain, 


‘especially in the diet with the unprocessed 


soft wheat flour. Additions of 0.5 per cent 
pL-valine in the presence of supplements of 
lysine and threonine caused further body 
weight gain. The greatest influence of 
vitamin By. in increasing the protein 
efficiency of the processed wheat was 
observed in the presence of lysine and 
threonine. The addition of 0.1 microgram of 
vitamin By. per animal per day in the 
presence of 0.4 per cent L-lysine and 0.2 
per cent pL-threonine produced an increase 
of 14 per cent in the protein efficiency ratio 
of albino rats on the untreated wheat 
but an increase of 42.1 per cent on the 
processed wheat fed at the same 7 per cent 
protein level. 

These studies suggest the need for real 
care in the processing of cereals in order to 
maintain the best nutritive value with 
respect to protein value and vitamin content. 
There is necessity to use care and discern- 
ment in the application of the above 
findings in view of the fact that other 
studies indicate improvements in the 
biologic value of wheat protein under 
certain types of processing (R. Beaudoin, 
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J. Mayer, and F. J. Stare, Proc. Soc. Exp. 
Biol. Med. 78, 450 (1951)). 

D. F. Houston, I. R. Hunter, E. A. 
McComb, and E. B. Kester (J. Agr. Food 
Chem. 2, 1185 (1954)) have studied the 
deteriorative changes that take place in the 
oil fraction of two varieties of parboiled rice 
during storage. The parboiling process 
consists of soaking, steaming under pressure, 
drying while still in the husk and then 
milling in the manner usual for white rice. 
In addition to inactivation of enzymes, this 
wet heat processing enriches the endosperm 
in solubles such as sugars, minerals and 
vitamins, and partially gelatinizes the 
starch. It is likely that it also destroys some 
of the native antioxidants which retard the 
rate of appearance of rancidity during 
storage. These investigators studied the 
occurrence of rancid odors, the change in the 
peroxide content, the monocarbonyl content 
and the free acidity of the oil fraction of two 
varieties of rice, Pearl and Century Patna. 
The three tests were used as indicators 
of the degree of rancidity and to define 
the exact type of deterioration involved. 
When stored in open containers in the 
dark at 77°, 100° and 140° F. appreciable 
induction periods were observed during 
which no noticeable amount of oxidation 
was taking place. The induction period 
decreased dramatically with the increases in 
temperature. 

The Patna rice began to increase in 
peroxide content appreciably earlier than 
the Pearl rice at each of the temperatures. 
Likewise, the peaks were reached earlier 
for Patna than for Pearl rice. At 77° F. the 
peak was reached in Patna at approximately 
260 days, but not until 430 days in the 
Pearl variety. When stored at 100° F. and 
at 140° F. similar differences were observed 
between the two varieties. However, with 
each increase in temperature the time at 
which the peak of peroxide level was noted 
occurred appreciably sooner. After this 
time the peroxide level decreased to constant 





Ee ES vv 


— =~ 


En Ee en | i en ee 


+ DR 





1956) NUTRITION REVIEWS 275 


and relatively low levels. Monocarbonyl 
increases were also noted in the oil fraction 
of the parboiled rices, reaching peaks at 
times similar to the peroxide peak, and 
again decreasing to low levels. The same 
difference between the two varieties was 
noted. Free acidity levels in the oils began to 
increase at roughly the same time intervals 
as the peroxides and monocarbonyls and 
continued throughout the experiment until 
relatively high constant levels were obtained. 
Here again the increase in the Patna variety 
was noted well before the increase in the 
Pearl variety. During the heating process 
the original moisture content fell from 11.4 
to 12.5 per cent to about 10 per cent at 
77° F., to 6 per cent at 100° F., and to 
3 per cent at 140° F. 

When the samples of parboiled rice were 
stored in sealed containers in the dark at 
77° and 100° F., the occurrence of rancid 
odors, peroxides, monocarbonyls and free 
acids in the rice were qualitatively similar 
to rice stored in open containers except that 
the induction periods were somewhat 
longer. However, when the samples were 
stored at 140° F. in closed containers, an 
appreciable difference was noted. There 
was no increase whatever in peroxide, or 
monocarbonyl] values; free acidity showed a 
linear increase for at least seventeen days, 
with little if any development of rancid 


odors. Light had a considerable effect in 
reducing the storage life of parboiled rice 
maintained at room temperature. The time 
to reach rancidity in open storage was 
reduced from 250 to 160 days for the Patna 
variety and from 400 to 75 days for the 
Pearl rice. The markedly greater effect on 
Pearl rice may be connected with the 
presence of sulfur dioxide in the grain. 
It was interesting that little if any induction 
period preceded changes in the oil character- 
istics during open storage in the light for 
either type of rice, in contrast to what 
occurred in the dark. Moreover, the differ- 
ences between samples in open and in closed 
storage in the light were appreciably less 
than were found during storage in the dark. 
At the present time the vast surpluses of 
cereal grains in this country suggest that 
there is no immediate need for further 
production for home consumption, although 
numerous other countries are in a much 
less favorable position. However, regardless 
of the extent of production, there is always 
the continuing problem to use what is 
produced most efficiently in order to obtain 
better standards of nutriture among the 
consumers. Good examples of the potentiali- 
ties in this regard are contained in the 
above investigation on the nutritive value of 
rice germ and in the efforts to improve the 
keeping properties of parboiled rice. 


NIACIN NUTRITURE 


Although a considerable amount of work 
has been done on urinary excretion of niacin 
derivatives (Nutrition Reviews 6, 252 (1948); 
8, 85 (1950); 12, 82 (1954)), relatively 
little is known about the concentration of 
this vitamin and related compounds in the 
blood, urine and tissues of the same animal. 
H. B. Burch and co-workers (J. Biol. Chem. 
212, 897 (1955)) determined the concentra- 
tion of diphosphopyridine nucleotides (DPN) 
and N!-methylniacinamide in the blood and 


N'-methylniacinamide and niacin in the 
urine of rats maintained on controlled intakes 
of niacin and tryptophan. 

Weanling rats were placed on a purified 
diet containing 40 per cent corn grits. This 
was supplemented with all of the essential 
vitamins except niacin. The 8 rats that were 
maintained for six weeks on the basal diet 
showed a progressive decrease in the DPN 
concentration of the red cells. The rats on 
the basal diet gained 48 g. during the 
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six-week period, at which time they showed 
typical signs of niacin deficiency. 

The average weight gain for each group 
of rats receiving a supplement of 5 mg. of 
niacin or niacinamide per day, or 8 mg. of 
tryptophan per day was 120 g. during the 
six-week experiment. The rats receiving the 
niacin excreted large amounts of N!- 
methylniacinamide and niacin in the urine. 
About 70 per cent of the ingested niacin 
was recovered in the urine. Two thirds of this 
appeared as N'-methylniacinamide and the 
rest as niacin. When niacinamide was fed 
at the same level as the niacin, 77 per cent 
of the ingested compound was recovered in 
the urine with practically all of it in the form 
of N'-methylniacinamide. Feeding an equiv- 
alent amount of 3-(hydroxymethyl)-pyridine 
tartrate produced blood and urine results 
that were the same as when niacin was 
used. The addition of L-tryptophan to the 
basal diet in such an amount that the daily 
intake was 16 mg. per day (versus 6.4 mg. 
on the basal diet) maintained the DPN 
concentration in the red cells throughout the 
five weeks of the experiment. 

Most of the material in the red cells as 
measured by the analytic procedure used was 
shown to be DPN. The verification of the 
substance was secured by means of a 
specific diphosphopyridine nucleotidase 
which splits the nucleoside bond that is 
necessary for the fluorescent reaction used in 
the determination of DPN. 

The DPN level in the red cells of the rats 
decreased from an initial level of 200 
micrograms per milliliter to 140 micrograms 
per milliliter after six weeks on the niacin- 
deficient diet. The rats receiving the 
niacin, niacinamide, or tryptophan showed 
slight increases in the DPN levels of the 
red cells. 

Although the white cells did show a 
reduction in the DPN concentration in the 
rats on the niacin-deficient diet, these cells 
are not so adequate an index of niacin 
deficiency as is the situation with other 
vitamins (especially ascorbic acid). The 
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reduction in the DPN level of the white 
cells in the niacin-deficient rats was one-third 
the initial value. The DPN level in the 
white cells of the rats receiving the trypto- 
phan supplement was almost as great as 
that of the niacin-deficient rats. Since the 
reduction in the DPN level of the red cells 
was as great as that in the white cells and 
since it is easier to isolate the red cells, they 
are preferred for studies of niacin deficiency 
in rats. 

The concentration of N'-methylniacin- 
amide in the serum of the rats on the basal 
diet was 0.08 micrograms per cent compared 
to 0.93 micrograms per cent in the group 
receiving 5 mg. of niacin per day. The con- 
centration of N'-methylniacinamide in the 
serum was directly related to its excretion 
in the urine. For this reason it was suggested 
that the serum concentration of N'-methyl- 
niacinamide might be a measure of the 
alteration in the intake of niacin or its 
precursors. In view of the importance of 
this statement in nutritional studies, it is 
unfortunate that no data are given to show 
the progressive changes that occurred in the 
serum concentration of this metabolite. 

The authors also proposed that if the rat 
can be used as a guide, the red cell DPN 
level can be used as a measure of moderate 
to severe niacin deficiency. It was pointed 
out, however, that human red cells contain 
much less DPN than those of the rat 
(80 micrograms per milliliter versus 200 
micrograms per milliliter for the rat). For 
this reason, then, until studies are actually 
made with human beings on restricted 
intakes, it will be difficult to determine the 
value of this test in human nutrition. 

It is unfortunate that such large supple- 
ments of niacin and niacinamide were used. 
These levels are so high that some of the 
results reported may represent the means 
whereby these compounds are detoxified 
rather than their normal metabolic fate. 
The observation that large amounts of 
3-(hydroxymethyl)-pyridine had niacin ac- 
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tivity should have indicated need for its 
study at lower levels in order to determine 
the degree to which it could be converted 
to the active metabolite. 

The paper is of value since it describes 
methods for the determination of DPN in 
25 microliters of blood or red cells and 
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N'-methylniacinamide in 20 microliters of 
serum. The availability of these methods for 
analysis of very smal! amounts of blood 
should offer opportunities for testing the 
significance of the methods among human 
subjects in both controlled studies and 
field surveys. 


IRON TOXICITY 


The absorption, transport and storage of 
iron in the body has been the subject of 
much research and speculation. The scheme 
proposed by 8. Granick (Science 103, 107 
(1946)) has received fairly widespread 
acceptance. According to this concept, food 
iron, which is chiefly ferric iron, is reduced 
to ferrous iron in the stomach. The iron is 
then absorbed into the mucosal cells of the 
gastrointestinal tract and equilibrates with 
the ferric iron of ferritin, a protein containing 
micella of ferric hydroxide and ferric 
phosphate. The concentration of ferritin 
in the mucosal cells is considered to be a 
major factor in the regulation of iron 
absorption. The ferritin iron may be 
converted to ferrous iron and enter the 
bloodstream, where it is then reoxidized to 
ferric iron and associated with a globulin 
fraction of the plasma proteins. There is 
enough of this iron-binding globulin in 
plasma to combine with approximately 
400 micrograms of iron per 100 ml. (C. G. 
Holmberg and C.-B. Laurell, Acta physiol. 
Scandinav. 10, 307 (1945)). Iron toxicity 
may be expected when the blood level 
exceeds this binding capacity, as when 
large quantities of iron are given intra- 
venously. Also, when large doses of iron are 
given orally there may be adequate ab- 
sorption, in spite of the protective mecha- 
nisms, to elevate blood levels above the 
binding capacity. 

Since iron is one of the most commonly 
used nutritional supplements for children, 
it is not surprising that a considerable 
number of cases of iron poisoning have been 


reported (Nutrition Reviews 10, 299 (1952)). 
There are, however, few data available to 
indicate the mechanism of this toxicity. 

A study of the toxicity of orally ad- 
ministered iron in experimental animals 
has been reported by K. R. Reissmann, 
T. J. Coleman, B. 8S. Budai, and L. R. 
Moriarty (Blood 10, 35 (1955)) and by 
Reissmann and Coleman (Jbid. 10, 46 
(1955)). These investigators have studied 
the pathologic and metabolic effects of 
large doses of iron. 

In their first experiments rabbits and 
dogs were given varying doses of ferrous 
chloride or ferrous sulfate. The iron salts 
were given by stomach tube to rabbits and 
by duodenal tube to dogs. Blood iron 
determinations were made at frequent 
intervals. The results were similar with both 
species. The minimum lethal dose of either 
salt was between 200 and 250 mg. of iron 
per kilogram of body weight. When the 
animals were given 750 mg. of iron per 
kilogram of body weight death occurred 
in from three to four hours. As the dosage 
was reduced toward the minimum lethal 
dose, the animals died fourteen to eighteen 
hours after the iron was administered. 
The administration of more than 100 mg. 
of iron per kilogram of body weight resulted 
in increases in serum iron. Initial serum 
iron values were in the vicinity of 150 
micrograms per cent and then rose to more 
than 5000 micrograms per cent within two 
hours after the administration of 750 mg. 
of iron per kilogram of body weight. There 
can thus be little doubt that a considerable 





fn ts hart tm 


| 
| 


278 NUTRITION REVIEWS 


proportion of the administered iron was 
absorbed. It was found that this elevated 
serum iron, occurring after the administra- 
tion of large doses of iron, was not bound 
to the globulin, which was to be expected 
since the binding capacity was greatly 
exceeded. 

Since it is frequently stated that the 
toxicity of iron is related to a local effect 
on the mucosa of the gastrointestinal tract, 
the animals which died were carefully 
autopsied. In the majority of cases there 
were no histologic changes in the intestinal 
mucosa. It was then believed that the 
toxicity of the iron was due to the absorbed 
iron, and the next experiments were con- 
cerned with metabolic changes during iron 
intoxication. 

In these experiments rabbits and dogs 
were given 150 or 200 mg. of iron as ferrous 
sulfate per kilogram of body weight either 
rectally or by duodenal tube. Such treatment 
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resulted in increased plasma iron values 
and in a considerable decrease in blood pH 
and blood carbon dioxide content. In 
keeping with the suggestion of acidosis 
there was a great increase in respiratory 
rate and carbon dioxide output. 

There were other metabolic changes 
related to the iron intoxication. Blood 
glucose, lactic acid and citric acid were 
markedly elevated in the _ intoxicated 
animals. The authors suggest that these 
changes may reflect an impairment of the 
activities of enzymes of the citric acid cycle. 

The results of these experiments indicate 
that iron toxicity is not the result of local 
damage to the gastrointestinal tract but 
rather to metabolic effects of the absorbed 
iron. The most striking metabolic effect 
was a profound acidosis. This observation 
could prove useful in the treatment of 
iron-intoxicated patients. 


DIETARY FAT AND LIFE SPAN 


It is now well established that some 
strains of rats and mice respond to diets of 
moderate or high fat content with increased 
caloric intake and consequently increased 
growth rates. It has also been shown that 
work performance, reproduction and lacta- 
tion may be improved by feeding diets con- 
taining more than minimal amounts of fat. 
These favorable effects of moderate or high 
fat intake appear to be a function of the fat 
itself, rather than its content of fat-soluble 
vitamins or essential fatty acids. However, 
it is becoming increasingly clear that the 
benefits of fat-feeding are accompanied by 
certain undesirable effects. There is now 
considerable evidence from several labora- 
tories that the life span is reduced in ani- 
mals fed a moderate or high fat ration. 

This adverse effect of fat has been studied 
in some detail by R. Silberberg and M. 
Silberberg (Canad. J. Biochem. Physiol. 33, 
167 (1955)). The study was carried out on 
mice of the inbred strain C57BL. One group 


of animals received a commercial stock ration 
containing approximately 5 per cent fat. 
The so-called high fat diet consisted of this 
same stock ration supplemented with 25 
per cent lard, giving a total fat content of 
30 per cent. 

When the fat-supplemented ration was 
fed from 1 month of age throughout the 
life span of the animals, mortality was con- 
siderably greater than in the group re- 
ceiving the stock ration alone. At 500 days, 
11 per cent of the animals receiving the 
stock diet had died, while of the group 
receiving the fat supplement, 36 per cent 
had died. At 800 days, all of the fat-fed 
animals were dead, while only 85 per cent 
of those on the stock diet had died. At 900 
days, all animals in the stock diet group 
were dead. When the fat-supplemented 
ration was fed from the age of 6 months on 
through life, mortality was as high as in the 
group receiving this diet from 1 month of 
age, although at 400, 500 and 600 days, 
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mortality was still somewhat lower than in 
the group receiving the fat ration through- 
out life. When the high fat diet was fed 
from 12 months of age throughout the 
remaining life of the animals, mortality 
was somewhat lower than in the group 
receiving this diet from 1 month of age. 
At 800 days, however, all these animals were 
dead. 

In contrast, feeding the high fat ration 
for a period of five months beginning at age 
1 month seemed to prolong the life span of 
the animals beyond that observed on the 
stock diet alone. A somewhat less marked 
protective action was observed in another 
group of mice receiving the fat-containing 
diet for a period of five months beginning at 
7 months of age. When the fat-supplemented 
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ration was fed for five months beginning at 
1 year of age, mortality was about the same 
as in the stock diet group. The authors state 
that the most frequent causes of death were 
chronic kidney disease and anemia, with 
occasional liver tumors, leukemia, or pneu- 
monia. No further details are given. 

It would seem from these data that short- 
term feeding (five months) of a diet mod- 
erately high in fat can somewhat prolong 
the life of an animal, providing the diet is 
fed early in life. On the other hand, long- 
term feeding of such a diet can reduce the 
animal’s life span. While the mechanisms 
underlying this duality of action are quite 
unknown, these observations emphasize 
again the uniqueness of dietary fat as such. 


NUCLEIC ACIDS AND GROWTH 


Several lines of evidence have pointed 
to the nucleic acids as being concerned with 
processes of growth, differentiation and 
maintenance of cellular integrity. Since the 
nutrition of the organism vitally affects these 
processes, the nucleic acids hold increasing 
interest for the nutritionist. 

Further studies of the role of desoxy- 
ribonucleic acid in the synthesis of protein 
have been reported by V. G. Allfrey (Proc. 
Nat. Acad Sci. 40, 881 (1954)). Nuclei were 
isolated from fresh calf thymus, since it had 
been shown that these could be prepared 
without loss of soluble nuclear proteins. 
The tissue was homogenized in sucrose solu- 
tion with the Waring blendor. The homo- 
genate was filtered and centrifuged at 700 
times gravity. After suitable washing the 
nuclei thus isolated appeared well formed 
on microscopic examination and showed 
negligible contamination with whole cells or 
cytoplasmic debris. These nuclear prepara- 
tions were suspended in phosphate buffer, 
sucrose, adenosine-5-phosphoric acid, mag- 
nesium chloride, alpha-ketoglutaric acid 
and C"-labeled alanine. Incubation was 
carried out at 37° C. for one hour. At the 


end of the incubation period, protein was 
precipitated with 10 per cent trichloroacetic 
acid, the precipitate being washed with 
large volumes of the latter. Nucleic acids 
were extracted with 5 per cent trichloro- 
acetic acid at 85° C. Lipids were removed 
by extraction with hot 95 per cent ethanol, a 
mixture of ethanol, ether and chloroform, 
and finally with ether. The nuclear protein 
thus isolated after incubation had con- 
siderable labeled alanine incorporated into 
it. The data show that this incorporation 
requires a source of energy such as alpha- 
ketoglutarate. When this compound was 
omitted from the incubation medium, 
alanine incorporation into protein was 
sharply diminished. The addition of adeno- 
sine triphosphate (ATP) to the system 
already containing the monophosphate did 
not enhance amino acid incorporation. It 
would have been of interest to test ATP 
in the absence of adenosine monophosphate 
(AMP) and the energy source, alpha- 
ketoglutarate. When the nuclear prepara- 
tions were preincubated with crystalline 
ribonuclease at 37° C. for fifteen minutes, 
no change in alanine incorporation was 
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observed. Similar incubation with desoxy- 
ribonuclease reduced alanine incorporation 
by 40 per cent. When this enzyme was 
allowed to act for a total of seventy-five 
minutes, amino acid incorporation was only 
15 per cent of that shown by untreated 
nuclei. Addition of thymus desoxyribonucleic 
acid (DNA) partially restored amino acid 
incorporation. 

The cell nucleus of course contains ma- 
terials other than DNA. However, the 
reduced amino acid uptake after treatment 
of the nuclei with desoxyribonuclease 
strongly supports the contention that the 
integrity of DNA is vital to the process of 
protein synthesis. Some caution is necessary 
at this point, since the incorporation of a 
single amino acid into a protein does not 
absolutely indicate the synthesis of an entire 
protein molecule. 

A rather specific type of growth stimula- 
tion has been traced to a substance ap- 
parently nucleoprotein in nature. 8. Cohen, 
R. Levi-Montaleini, and V. Hamburger 
(Proc. Nat. Acad. Sci. 40, 1014 (1954)) have 
reported new information on the nature of a 
nerve growth-stimulating factor isolated 
from certain tumors. Earlier papers have 
reported the growth stimulation of sensory 
and sympathetic ganglions of chick embryos 
by transplanted mouse sarcomas 37 and 180. 
The present paper shows that the effect of 
actively growing tumor transplants can be 
duplicated in tissue culture with the use 
of cell-free homogenates of the tumors. 
Sympathetic ganglions isolated from 10 
day old chick embryos were incubated in 
a medium consisting of equal volumes of 
plasma, embryo extract and either tumor 
extract or saline. After eighteen hours of 
incubation at 37° C., the ganglions sus- 
pended in mediums containing tumor extract 
showed an outgrowth of nerve fibers roughly 
proportional to the amount of tumor extract 
employed. Oddly enough, extracts of mouse 
sarcomas 37 and 180 taken directly from 
the mouse were almost completely inactive 
in stimulating nerve fiber proliferation. If, 
however, the sarcoma had been passed 
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through chick embryo for a period of five 
to seven days, it yielded active extracts. 

To permit intracellular localization of 
the growth-promoting principle, tumor 
homogenates were prepared in_ isotonic 
sucrose solutions. By differential centrifuga- 
tion this homogenate was separated into 
nuclear, mitochondrial, microsomal and 
supernatant fractions. Virtually all the 
growth-promoting activity resided in the 
microsomes, with doubtful stimulation given 
by mitochondrial preparations. Further 
fractionation of the suspension of micro- 
somes was attained by the addition of 
streptomycin, known to precipitate highly 
polymerized nucleic acid and nucleoproteins. 
The supernatant thus obtained showed no 
absorption at 260 millimicrons, indicating 
the absence of nucleoproteins. This super- 
natant also possessed no growth-promoting 
activity. The precipitated streptomycin- 
nucleoprotein complex was dispersed and 
the streptomycin removed by dialysis. The 
resulting fraction showed a distinct absorp- 
tion peak at 260 millimicrons and possessed 
virtually all the nerve growth-stimulating 
activity of the whole homogenate. Activity 
of the material was completely destroyed by 
heating for five minutes at 80° C. The active 
principle was nondialyzable. With pH ad- 
justed to between 9 and 10, the active ma- 
terial could no longer be sedimented in the 
ultracentrifuge in one hour at 100,000 times 
gravity. It could still be precipitated with 
streptomycin. The purest preparation re- 
ported contained about 3 per cent of the 
dry weight of the original tumor. It con- 
tained 66 per cent protein and 26 per cent 
ribonucleic acid; less than 0.3 per cent by 
weight was desoxyribonucleic acid. 

The possibility that the added nucleo- 
protein might simply provide essential 
building materials for the proliferating nerve 
fibers seems ruled out by the fact that 
similar preparations made from liver and 
other tissues were quite inactive. The 
nucleoprotein from tumor (or a contaminant 
of this preparation) appears to be quite 
specific as a growth stimulant of nerve fibers. 
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THE EFFECT OF DIETARY SODIUM AND POTASSIUM ON THE 
EXCRETION OF ALDOSTERONE 


The isolation and identification of a 
highly potent mineralocorticoid from adrenal 
cortical extracts has been previously dis- 
cussed (Nutrition Reviews 11, 218 (1953); 12, 
280 (1954)). This compound, which has 
been given the name of aldosterone, has 
also been demonstrated to be present in the 
adrenal vein blood of the dog and the 
monkey. Its presence in human urine has 
been studied extensively by Luetscher and 
his co-workers (see Ibid. 12, 231 (1954)), 
who have found that in nephrosis and a 
number of edematous states excessive 
amounts of this material are present in the 
urine. 

There is a great current interest in the 
stimulus for the release of this hormone 
and the mechanism by which the adrenal 
cortical cells are caused to release aldosterone. 
Because of the extremely small amounts of 
this material present in the urine investi- 
gators are still forced to rely upon tedious 
and somewhat inaccurate biologic assays for 
measurements. It is not surprising that 
under these technical conditions progress 
has been somewhat slow. J. A. Luetscher 
and B. B. Johnson (J. Clin. Invest. 33, 144 
(1954)) have observed that the amount of 
aldosterone-like material in the urine is 
increased when the dietary intake of sodium 
is reduced to 11 milliequivalents (mEq) per 
day. The excretion of aldosterone was found 
to be inversely related to the excretion of 
sodium in the urine. 

The problem of the regulation of aldo- 
sterone secretion has been studied by B. 
Singer and M. P. Stack-Dunne (J. Endo- 
crinol. 12, 130 (1955)) in the rat. Adrenal 
vein blood obtained from several 
anesthetized rats and pooled. After extrac- 
tion with organic solvents and purification 
by paper chromatography, the aldosterone 
was assayed in adrenalectomized rats by 
observing the change in the excretion of 
radioactive sodium as compared to radio- 


was 


active potassium. The results of the assay 
are expressed in terms of desoxycorticos- 
terone rather than aldosterone because of 
the greater availability of the former for 
use as a standard. An estimate was also 
made of the excretion of corticosterone, the 
principal carbohydrate-active steroid pro- 
duced by the rat adrenal cortex. 

Intact rats on a stock diet were found to 
secrete from each adrenal, on an average, 45 
micrograms of desoxycorticosterone acetate 
(DCA) equivalents of aldosterone-like ma- 
terial and 150 micrograms of corticosterone 
per kilogram of body weight per hour. 
Placing the animals on a diet which con- 
tained 15.3 mEq of sodium per 100 g. of 
diet instead of 30 mEq as present in the 
complete diet had no significant effect on 
the rate of secretion of aldosterone. It is 
unfortunate that more stringent restriction 
was not used for these studies. A marked 
decrease in the secretion of aldosterone 
occurred when the dietary intake of potas- 
sium was reduced from 10.8 to 1.0 mEq per 
100 g. of diet. The administration of 2 mg. 
of DCA to rats likewise produced a great 
reduction in the rate of secretion of aldo- 
sterone whereas the secretion of corticos- 
terone was unaffected. 

Following hypophysectomy the secretion 
of aldosterone decreased to an average of 
7.8 microgram equivalents of DCA while 
an even greater decrease occurred in the 
secretion of corticosterone to about 2 
micrograms. The administration of cortico- 
tropin caused a return to normal excretory 
patterns. The conditions under’ which 
corticotropin was administered seemed to 
determine whether a greater effect was ob- 
served in the excretion of aldosterone or 
corticosterone. Growth hormone did not 
significantly alter the rate of adrenal secre- 
tion of either aldosterone or corticosterone. 
When desoxycorticosterone was administered 
with corticotropin to hypophysectomized 
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rats in a limited number of experiments the 
secretion of aldosterone was depressed as 
compared to hypophysectomized rats re- 
ceiving only corticotropin. This finding 
indicates that suppression of aldosterone 
secretion with DCA is not mediated by the 
pituitary. 

A preliminary report has appeared of the 
studies of J. H. Laragh and H. C. Stoerk 


-(Proc. Am. Soe. Clin. Invest., J. Clin. 


Invest. 34, 913 (1955)) on the mechanism of 
secretion of aldosterone in dogs. As in the 
rat experiments of Singer and Stack-Dunne 
(loc. cit.), restriction of dietary sodium 
produced only slight aldosterone activity 
in the urine in the absence of potassium. 
Che administration of excess amounts of 
potassium caused a marked increase in the 
excretion of aldosterone. These authors have 
suggested the hypothesis that the level of 
potassium may be an important regulator of 
aldosterone release. 

From the investigations which have been 
reviewed and others in the literature, it is 
becoming increasingly apparent that the 
levels of dietary sodium and perhaps more 
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importantly potassium influence the ex- 
cretion of aldosterone, and that this hor- 
mone has an important role in influencing 
the excretion of sodium relative to potas- 
sium. With the possible exception of the 
dependence of thyroid function on iodine 
intake, there is no better example of the 
direct interplay of endocrine function and 
nutrition. The experiments with ACTH and 
hypophysectomy indicate that this hormone 
has some influence on the secretion of 
aldosterone. However, the bulk of the 
evidence shows that under most circum- 
stances the release of aldosterone is inde- 
pendent of the release of other corticos- 
teroids. 

Singer and Stack-Dunne have made an 
important contribution to this field in 
demonstrating the presence of aldosterone 
in adrenal vein blood in the rat and using 
this species for physiologic studies of 
aldosterone release. Their results must be 
accepted with reservation, however, be- 
cause they were obtained during the stress 
of anesthesia and a major surgical procedure. 


ISOLATION OF A VITAMIN By-PROTEIN COMPLEX FROM MILK 


In the study of the reaction between 
vitamin By and intrinsic factor to produce 
the active erythrocyte maturation principle 
interest has centered in the mechanism of 
binding of the vitamin (Nutrition Reviews 
10, 229 (1952); 12, 164 (1954)). Indications 
are that only by such binding is the vitamin 
made available and physiologically active. 
It has been determined by M. E. Gregory 
and E. 8. Holdsworth (Biochem. J. 55, 830 
(1953)) that a substance exists in sow’s milk 
which binds vitamin By, in much the same 
way as does an intrinsic factor concentrate 
prepared from pig stomach. The original 
observations of these authors have been 
extended (Gregory and Holdsworth, Jbid. 
59, 329 (1955)). The findings contribute 


importantly to an understanding of the 
mechanisms of binding of the vitamin. 

In these studies quantitative assays for 
vitamin By were done utilizing a micro- 
biologic procedure and the organism, Lacto- 
bacillus leichmannii. After addition of an 
excess of the vitamin to a milk sample or 
concentrate, the free or unbound vitamin 
was determined in an aliquot of an ultra- 
filtrate. Bound vitamin B,. was determined 
after enzymatic digestion of the protein 
complex. Papain was utilized for this pur- 
pose. 

The milk of a number of different species 
was tested for its capacity to bind added 
vitamin Bi2. Included were samples of milk 
from the cow, goat, pig, rat and woman and 
of colostrum from the cow and goat. The 
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binding property was greatest in the milk 
of the pig and the rat. The quantity of 
vitamin Bi, bound by sow’s milk averaged 
0.24 micrograms per milliliter, while that 
bound by human milk was only 0.08 
micrograms per milliliter. The binding 
capacity of cow’s milk was much less than 
that for human milk. The two samples of 
colostrum examined bound more of the 
vitamin than did milk of the same species. 
The evidence presented indicates that milk 
of all of the species tested establishes a 
relatively stable bond with added vitamin 
By, but that there is quantitatively greater 
binding capacity in the milk of some species 
than in others. 

The next step taken in these investiga- 
tions was to separate the protein fractions 
contained in the whey of the milk samples 
by means of electrophoresis and to deter- 
mine the amount of vitamin By. bound by 
proteins of different electrophoretic mobility. 
Two procedures were utilized to identify 
the bound vitamin. One was to extract the 
protein from segments of the paper strip 
and then to apply the microbiologic assay 
to the extract. The second procedure was 
to add vitamin By,» containing radioactive 
cobalt to the whey prior to electrophoresis 
and locate the bound vitamin by placing 
the dried paper strip on x-ray film. Descrip- 
tion of the results of these experiments is of 
significant interest because the protein 
patterns of whey from the various species 
show little similarity. However, vitamin By. 
is bound and associated with a protein 
which has the same mobility in all prepara- 
tions. Moreover, the naturally occurring 
vitamin in these milks is bound by the same 
protein, which is considered by the authors 
to be a glycoprotein. For purposes of com- 
parison the proteins of an intrinsic factor 
concentrate prepared from pig stomach 
were separated by the same procedure and 
it was determined that vitamin By. was 
bound by a fraction with electrophoretic 
mobility identical with that of the vitamin- 
binding protein in the milk samples. 
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The investigators proceeded to isolate a 
highly purified form of the protein-bound 
vitamin Bi. from sow’s milk. This was done 
by saturating the protein with the cobalt- 
labeled vitamin and identifying the complex 
by its radioactivity. Purification was 
achieved by successive application of pre- 
cipitation with ammonium sulfate, electro- 
phoretic separation and precipitation with 
isopropanol in the cold. The final product 
was a pink powder containing 23.6 micro- 
grams of vitamin Bye per milligram of com- 
plex. That a high degree of purification had 
been achieved was indicated by homo- 
geneity with electrophoresis and by the 
ratio of vitamin to protein which was 
unchanged by further steps of precipitation 
with isopropanol. 

In a second paper the authors describe 
experiments which were devised to deter- 
mine some of the constituents and chemical 
properties of the purified complex and to 
examine the type of linkage between the 
vitamin and the protein (M. E. Gregory and 
E. S. Holdsworth, Biochem. J. 59, 335 
(1955)). Evidence was derived supporting 
the contention that the binding substance 
is a glycoprotein. It contained 16 per cent 
nitrogen and had an amino acid composition 
typical of proteins, except for a relatively 
great content of tyrosine. In addition, the 
material contained 7 per cent carbohydrate 
and 9 per cent hexosamine. The absorption 
spectrum is recorded and corroborates the 
presence of vitamin By. and a _ protein. 
Assuming that a single molecule of vitamin 
By. is bound by one molecule of protein, 
the authors deduce a molecular weight of 
55,000 for the protein. It is of interest that 
other investigators have isolated a similar 
bound form of the vitamin from pig gastric 
mucosa, which has an identical absorption 
spectrum but which is estimated to have a 
molecular weight of 100,000 (H. G. Wij- 
menga, K. W. Thompson, K. G. Stern, and 
D. J. O’Connell, Biochim. et biophys. acta 
13, 144 (1954)). 

In the effort to determine which structural 
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characteristics of the protein molecule are 
concerned in its combination with the vita- 
min a variety of specific groups were blocked 
by chemical procedures. The information 
derived indicates that the bond is formed 
either by a phenolic group or by an amino 
group. Other observations demonstrate that 
neither nucleotide groups nor primary amide 
configurations of the vitamin By. molecule 
are involved in the combination with the 
protein. However, hydrolysis of the hexa- 
and hepta-acids in the structure of the 
vitamin prevented formation of the complex. 
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These observations of Gregory and 
Holdsworth (loc. cit.) afford additional 
information concerning the binding of 
vitamin By. All indications are that the 
process involving milk protein is similar 
and wholly analogous to the binding of the 
vitamin by intrinsic factor. Extension of 
these investigations and use of the purified 
protein-vitamin By. complex in studies of 
the physiologic activity of the vitamin 
should permit important new advances in 
the elucidation of mechanisms of action. 


ROLE OF FOLACIN IN NIACIN METABOLISM 


The inclusion of relatively large amounts 
of niacinamide in the diets of certain 
experimental animals has been shown to 
deplete methyl group reserves. In conse- 
quence growth may be depressed, and ex- 
cess fat accumulates in the liver. This is 
presumably brought about because of the 
obligatory methylation of niacinamide to 
form the urinary’ excretory product, 
N-methylniacinamide. Since folacin is in- 
volved in methyl group metabolism, the 
role of this vitamin in the methylation of 
niacinamide has been investigated (P. 
Fatterpaker, U. Marfatia, and A. Sreeni- 
vasan, Biochem. J. 59, 470 (1955)). 

In one experiment folacin deficiency was 
induced in rats by feeding a purified ration 
containing iodinated casein but no added 
folacin. In a second experiment the defi- 
ciency was induced by injecting aminop- 
terin into rats receiving a laboratory stock 
ration. In the first experiment various 
combinations of niacinamide, choline and 
folacin were administered to some animals, 
while in the second experiment niacinamide 
was given orally. Feeding niacinamide to 
moderately folacin-deficient rats (receiving 
the iodinated casein ration) increased the 
liver weight through the deposition of extra 
fat. The addition of choline as a methyl 
donor counteracted these effects of niacin- 
amide. Folacin exerted an action almost 


identical with that of choline. Methylation 
of the administered niacinamide was mark- 
edly enhanced (as indicated by urinary 
levels of N-methylniacinamide) by the 
administration of either choline or folacin. 
The combination of choline and folacin was 
no more effective than either substance alone 
in decreasing liver size and fat content and 
increasing the methylation of the niacin 
compound. 

The choline oxidase level of liver was 
diminished by folacin deficiency. The level 
was depressed further by the administration 
of niacinamide. Dietary choline counter- 
acted the deleterious effect of niacinamide 
but not that of folacin deficiency. The 
effect of folacin deficiency was corrected 
only by folacin administration. Xanthine 
oxidase activity, pantothenic acid and 
coenzyme A content of the liver were de- 
pressed by niacinamide. This was counter- 
acted by choline but not by folacin. Folacin 
deficiency had no effect on xanthine oxidase 
levels. Folacin deficiency resulted in enlarge- 
ment of the adrenals, particularly in the 
presence of niacinamide. The enlargement 
was accompanied by a decrease in the 
concentration of epinephrine. 

The experiments with severe folacin 
deficiency induced by aminopterin showed 
that niacinamide aggravates the fat accumu- 
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lation in the liver, the lowering of liver 
choline oxidase and xanthine oxidase levels, 
and the decline in epinephrine concentration 
in the adrenals. 

It is difficult to assess from the available 
data to what extent the concentration 
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changes in choline oxidase, xanthine oxidase, 
pantothenic acid, coenzyme A and epineph- 
rine reflect only the changes in organ weight. 
Although each dietary group consisted of 
only 4 animals, the evidence suggests that 
folacin can alleviate niacinamide toxicity. 


BODY COMPOSITION IN OBESITY 


There are suggestions that obesity is 
associated with the accumulation of fat 
at the expense of protein. From a purely 
theoretic standpoint, one could argue that 
this should not be so. Since the adipose 
tissue is accumulated gradually, the indi- 
vidual’s musculature should increase in 
proportion to the extra weight he carries. 
From this standpoint, the extra weight 
around the waist would be comparable to a 
pack on a lean man’s back. In spite of the 
tremendous number of papers published on 
obesity (see Nutrition Reviews 11, 292 
(1953)) there have been very few reports 
which would permit an answer to the above 
problem. 

Partial answers to the question of how 
much protein is present in obesity are now 
available for obese animals. Some of this 
information is derived from the work of M. 
W. Bates, S. F. Nauss, N. C. Hagman, and 
J. Mayer (Am. J. Physiol. 180, 301 (1955)), 
who made carcass analyses of a strain of 
mice that is associated with hereditary 
obesity-hyperglycemia. The body weight 
of the mature obese mice was 73 g., while 
the fat content of the body was 63 per cent. 
The mature nonobese mice weighed 29 g. 
and contained 8 per cent fat. The young 
obese mice weighed 28 g. and had 48 per 
cent body fat content. The young nonobese 
mice weighed 18 g. and had a body fat 
content of 8 per cent. The nonobese mice 
showed no apparent change in their body 
fat content as they became older. The obese 
mice early in life had an excessive amount 
of fat. This increased as the mice gained in 
weight. 

In the mature obese and nonobese animals 





there was no difference in the total amount 
of body protein. However, when this was 
expressed on a percentage basis, the obese 
animals had approximately one-third the 
protein concentration of the lean animals. A 
similar situation existed as far as moisture 
was concerned. These findings would seem 
to indicate that the mouse can deposit only 
a limited amount of protein in its body 
during its lifetime, and that this amount is 
similar for the lean and the obese mouse. 
On the other hand, the mouse has an almost 
unlimited potentiality for depositing fat. 

In the hereditary obese-hyperglycemic 
mice, the fat animals contained 2 g. of 
minerals, while the nonobese animals had 
1.6 g. The significance of this difference in 
mineral content (and presumably skeletal 
size) was not apparent. 

The effect of goldthioglucose obesity on 
body composition was studied in Swiss mice. 
The injection of mice with a sublethal dose of 
goldthioglucose was shown by G. Brecher 
and S. H. Waxler (Proc. Soc. Exp. Biol. 
Med. 70, 498 (1949)) to produce obesity in 
the survivors. Included in this series were 
some goldthioglucose-treated littermates of 
the hereditary obese-hyperglycemic strain. 
In this strain only some of the offspring 
became obese. At weaning, the mice that 
would become obese can be distinguished 
from their lean littermates on the basis of 
body contour, body size and sexual maturity. 
The lean littermates were treated with 
goldthioglucose. 

The body weights of the obese mice in 
this series were approximately 45 g. The 
results in the goldthioglucose series were 
similar to those in the first series described 
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above where only the obese-hyperglycemic 
mice were compared to their lean littermate 
controls. For the goldthioglucose animals the 
mineral content of the obese mice was 
greater than that of the lean. The increase 
in the mineral content was almost pro- 
portional to the increase in body weight. 

Bates and co-workers (loc. cit.) included 
body composition values secured by A. W. 
Hetherington and A. Weil (Endocrinology 
26, 723 (1940)) on rats made obese by 
hypothalamic lesions. The body weights of 
the obese animals averaged 330 g.; their 
nonobese controls, 221 g. The fat content 
of the obese rats was 42 per cent; that of the 
controls, 19 per cent. Here, the absolute 
amounts of water and protein in the two 
groups of animals were essentially the same. 
In this particular case, mineral content was 
slightly lower in the obese than in the control 
animals. 

The body lipids for the above mice and 
rats showed no difference between the 
obese and controls so far as saponification 
and iodine numbers were concerned. The 
cholesterol contents were similar except for 
the obese-hyperglycemic mice, which con- 
tained approximately one and _ one-half 
times as much cholesterol as the lean con- 
trols. The percentage of esterified cho- 
lesterol in the latter mice was higher in the 
older obese animals than in their controls. 

The weight of the liver in both the obese 
mice and rats was greater than that in their 
controls. There is no indication as _ to 
whether the greater size of these livers was 
attributable to an increased fat content. 
This point should be clarified in future work. 

Work related to the above was described 
by P. F. Fenton and M. T. Dowling (J. 
Nutrition 49, 319 (1953); Nutrition Reviews 
13, 89 (1955)), who determined the carcass 
fat in four strains of mice which are ordi- 
narily not considered to become obese. The 
C;H and A strains of mice attained body 
weights considerably above those of the 
normal adult when they were fed a high 
fat diet (40 per cent commercial vegetable 
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shortening and 7.5 per cent corn oil). The 
C;; and I strains did not become obese under 
these circumstances. When the amount of 
carcass fat was plotted against the fat-free 
body weight, two regression lines became 
apparent. These indicated that while the 
mouse increased in weight to its normal 
adult size, the body fat content slowly but 
progressively increased. If the animal be- 
came obese, the accumulation of fat there- 
after was at a very much more rapid rate. 
These two regression lines crossed at the 
weight associated with the adult mouse. 
The highest body fat content seen in any 
of these mice was 46.8 per cent in one of 
the C;H mice. 

On the basis of the above, the suggestion 
was made that obesity can be defined 
objectively by reference to the regression 
line for the slight increase in body fat as the 
animal matures. Any variation from this 
line which is greater than 2 standard devia- 
tions would be indicative of obesity. Points 
falling along the second regression line 
mentioned above would be definitely as- 
sociated with an obese animal. 

There is an implication from the results 
secured by Fenton and Dowling (loc. cit.) 
that their animals did not lay down exces- 
sive amounts of fat until after they matured. 
If that is so, their obese mice differed from 
those studied by Bates et al. (loc. cit.) whose 
young obese animals had a higher body fat 
content than their lean littermates. This 
difference in the rate of development of 
body fat would not be surprising, since J. 
Mayer (Physiol. Rev. 33, 472 (1953)) sug- 
gested that the varieties of obesity seen in 
the experimental animal are associated with 
a variety of physiologic abnormalities. 

These studies provide objective evidence 
for the fact that the major body component 
which increases in obesity is fat. It would 
further seem to indicate that an organism 
produces only a definite amount of protein. 
The amount of protein produced in the adult 
animal is not changed, regardless of marked 
increases in body weight. 
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NOTES 


Lipocaic—An Addendum 


The interpretation proposed by Haanes 
and Gyérgy (see Nutrition Reviews 13, 
58 (1955)) for the action of their lipotropic 
material should be reconsidered in view of 
some findings of Laskowski and his co- 
workers. Haanes and Gyérgy (loc. cit.) 
suggested that their lipocaic-like material 
was a complex of trypsin and pancreatic 
trypsin inhibitor, with an excess of the free 
inhibitor. They thought that the entero- 
kinase present in duodenal juice overcame 
the action of the trypsin inhibitor, thus 
permitting the trypsin to act on the proteins. 
According to this concept, the proteins were 
not digested completely by the depan- 
creatized or pancreatic duct-ligated dog. 
As a consequence thereof, the dog did not 
secure an adequate supply of such lipotropic 
substances as methionine. The dog thus 
developed a fatty liver. 

P. H. Mars, R. J. Peanasky, and M. 
Laskowski (Proc. Soc. Exp. Biol. Med. 
82, 384 (1953)) found that enterokinase 
was unable to overcome the action of 
pancreatic trypsin inhibitor on trypsin. 
On the basis of this observation they 
proposed that the lipocaic-like substance 
used by Haanes and Gyérgy contained 
trypsinogen in addition to the trypsin- 
trypsin inhibitor complex and free inhibitor. 
Under these circumstances, the action of the 
enterokinase in activating the lipocaic-like 
material would depend upon the conversion 
of trypsinogen to trypsin. 

R. J. Peanasky and M. Laskowski 
(Proc. Soc. Exp. Biol. Med. 83, 686 (1953)) 
secured some of the lipocaic-like material 
used by Haanes and Gydérgy (loc. cit.). By 
means of a number of tests, they were able to 
show the presence of trypsinogen therein. 


Malnutrition in Africa 

The subject of chronic malnutrition, prin- 
cipally protein deficiency and particularly 
in the tropical belt of the world, has re- 
ceived considerable attention of late (see 
Nutrition Reviews 13, 1, 67 (1955)). In this 
regard the report of the Second Inter- 
African (C.C.T.A.) Conference on Nutrition 
which was held in Gambia in November of 
1952 entitled “Malnutrition in African 
Mothers, Infants and Young Children” and 
published by Her Majesty’s Stationery 
Office, London (August 1954) is of interest. 
This report includes original papers and dis- 
cussions on many phases of the problem in- 
cluding the socioeconomic as well as the 
clinical facets. Experts from the Food and 
Agriculture Organization and the World 
Health Organization took an active part 
in the Conference which was a forerunner 
to the Third Meeting of the Joint FAO/ 
WHO Expert Committee on Nutrition 
(WHO Technical Report Series No. 72) and 
to discussions in Bandung, Indonesia, and 
Caracas, Venezuela, on the same problem 
as well as a symposium on protein mal- 
nutrition in Jamaica. The report is a 
thoroughgoing, well documented presenta- 
tion. Recommendations made by the Con- 
ference emphasize the need for recognition 
of the widespread occurrence of protein mal- 
nutrition, especially in infants and their 
mothers, the value of early diagnosis and 
treatment, and prevention of the condition 
by proper utilization of existing and po- 
tential food resources. The need for further 
research in all aspects of cause and effect is 
stressed. Government departments in co- 
lonial territories were also urged to co- 
ordinate efforts to raise the levels of food 
production in their own areas, particularly 
with regard to animal and vegetable protein. 
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Retarding Fat Oxidation 


Nutritional studies with lipids and other 
fat-soluble substances are often rendered 
difficult by the ease with which such com- 
pounds may be oxidized by atmospheric 
oxygen. Frequent preparation of fresh diets, 
constant refrigeration and frequent changes 
of the food in the cages must be resorted to 
if the experimental results are to have much 
meaning. R. T. Holman and 8. Ener (J. 
Nutrition 53, 461 (1954)) have presented 
evidence that ‘urea-inclusion’’ compounds 
may go far to retard the oxidation of lipids 
in the course of nutritional experiments. 
When urea is allowed to crystallize in the 
presence of fatty acids or related com- 
pounds, the crystal lattices provide ample 
space for the lipid which is carried down 
with the crystal. In this form the fatty acid 
is much more resistant to oxidation by 
atmospheric oxygen. In the dry state the 
urea-inclusion compound is stable, releasing 
the fatty acid only upon reaching the ali- 
mentary tract. By this device even the es- 
sential fatty acids may be incorporated 
directly into the ration with some assurance 
of retaining maximal effectiveness. This 
eliminates the tedious oral administration 
whenever small quantities of essential fatty 
acids are to be employed. Holman and Ener 
have presented evidence that essential fatty 
acids administered as urea-inclusion com- 
pounds are nutritionally effective. 


Recent Nutrition Books 


Roberts’ Nutrition Work With Children. 
Ethel Austin Martin. University of Chi- 
cago Press, Chicago, 1954. Pp. 527. Price: 
$7.50. 

The Vitamins: Chemistry, Physiology, Pathol- 
ogy. Volume I, Volume II. Edited by 
W. H. Sebrell, Jr., and Robert S. Harris. 
Academic Press Inc., New York, 1954. 
Pp. 676 (Volume 1), pp. 766 (Volume IT). 
Price: $16.50 each volume. 

Textbook of Biochemistry. Edward Staunton 
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West and Wilbert R. Todd. 2d edition. 
The Macmillan Company, New York, 
1955. Pp. 1356. 

Health Supervision of Young Children. Pre- 
pared and authorized for publication by 
the Committee on Child Health of the 
American Public Health Association, 
1955. Pp. 180. 

Food and Nutrition Services of Federal and 
Quasi-Official Agencies of the United 
States. Human Nutrition Research 
Branch, Agricultural Research Service, 
United States Department of Agriculture. 
7th edition. November 1954. Pp. 50. 

Quality and Stability of Canned Meats. A 
Symposium sponsored by the Quarter- 
master Food and Container Institute for 
the Armed Forces, March 31-—April 1, 
1953. Edited by Robert G. Tischer, James 
M. Blair, and Martin S. Peterson. Ad- 
visory Board on Quartermaster Research 
and Development, Committee on Food, 
National Academy of Sciences-National 
Research Council, Washington, D. C., 
July 1954. 

Biology of Bile Pigments. Torben K. With. 
Arne Frost-Hansen, Publishers, Copen- 
hagen, 1954. Pp. 523. 

S. Edlbacher-F. Leuthardt Lehrbuch der 
Physiologischen Chemie (A Textbook of 
Physiological Chemistry). 11th edition, re- 
vised. Franz Leuthardt. Walter De Gruy- 
ter & Co., Berlin W 35, Germany, 1954. 
Pp. 792. 

Nutrition Under Climatic Stress. A Sym- 
posium sponsored by the Quartermaster 
Food and Container Institute for the 
Armed Forces, 1954. Copies are available 
from the Quartermaster Food and Con- 
tainer Institute for the Armed Forces, 
1819 West Pershing Road, Chicago 9, 
Illinois. 

Biochemistry and Physiology of Nutrition. 
Volume II. Edited by Geoffrey H. Bourne 
and George W. Kidder. Academic Press, 
Inc., New York, N. Y., 1953. Pp. 641. 
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